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ABSTRACT
A b r i e f  s t a t e m e n t  o f  t h e  p r o b le m  i s  made an d  a  m e th o d  o f  
s o l u t i o n  i s  t e n d e r e d .  The a p p r o a c h  t o  t h e  p r o b le m  i n v o l v e s  u s i n g  
c e r t a i n  c o m p u t a t i o n a l  m e th o d s  and  c o m p a r in g  t h e  r e s u l t s  o b t a i n e d  w i t h  
e x p e r i m e n t .  Some o f  t h e  s h o r t c o m i n g s  o f  t h e  c a l c u l a t i o n a l  r o u t i n e  
a r e  l i s t e d  an d  t h e i r  c o n s e q u e n t  e f f e c t  upon  t h e  r e l i a b i l i t y  o f  t h e  
c a l c u l a t e d  v a l u e s  i s  a l s o  d i s c u s s e d .
The r e s u l t s  o f  t h e  c a l c u l a t i o n a l  e f f o r t s  a r e  u s e d  t o  c o n s t r u c t  
q u a n t i t a t i v e  W alsh  e n e r g y  l e v e l  d i a g r a m s  and  t o  d e t e r m i n e  t h e  c h a r g e  
d i s t r i b u t i o n s  i n  t h e  m o l e c u l e s / i o n s  s t u d i e d .  The q u a n t i t a t i v e  d i a g r a m s  
a r e  t h e n  c o m p a red  w i t h  p u b l i s h e d  q u a l i t a t i v e  W alsh  e n e r g y  l e v e l  d i a ­
g ra m s .  D e v e lo p m e n t  o f  t h e s e ' q u a l i t a t i v e  d i a g r a m s  u s i n g  g ro u p  t h e o r y  
i s  p r e s e n t e d .  A l s o ,  t h e  c h a r g e  d i s t r i b u t i o n s  i n  t h e  v a r i o u s  s t a t e s  o f  
t h e  m o l e c u l e s / i o n s  s t u d i e d  a r e  c o r r e l a t e d  w i t h  t h e i r  l o w e s t  e n e r g y  
e l e c t r o n i c  t r a n s i t i o n s .
N e x t ,  e x p e r i m e n t a l  e l e c t r o n i c  s p e c t r a  a r e  p r e s e n t e d  a n d  t h e  
a u t h o r ' s  i n t e r p r e t a t i o n  o f  t h e s e  i s  com pared  w i t h  t h o s e  a v a i l a b l e  i n  
t h e  s c i e n t i f i c  l i t e r a t u r e .  A f t e r  t h i s ,  p r e d i c t i o n s  u t i l i z i n g  t h e  q u a n ­
t i t a t i v e  d i a g r a m s  a r e  m ade f o r  e i g h t e e n ,  t w e n t y - f o u r ,  and  t w e n t y - s i x  
e l e c t r o n  e n t i t i e s .  T h e s e  p r e d i c t i o n s  a r e  t h e n  co m p a red  w i t h  t h e  
f e a t u r e s  o f  t h e  known e x p e r i m e n t a l  s p e c t r a .  C o m p l i c a t i n g  f a c t o r s ,  
s u c h  a s  t h e  i n f l u e n c e  o f  c o o r d i n a t i n g  s o l v e n t  a n d / o r  c a t i o n ,  a r e  t h e n  
i n t r o d u c e d .  The p r o b a b l e  e f f e c t s  a r e  r a t i o n a l i z e d  an d  t h e n  i n v e s t i ­
g a t e d  u s i n g  a s  m o d e l s  some o f  t h e  p o s s i b l e  s p e c i e s  p r e s e n t  i n  an  
a q u e o u s  s o l u t i o n  o f  NaN03 . The a v a i l a b i l i t y  and  t h e  e n e r g y  v a l u e  o f  
t h e  p o s s i b l e  o* and  Tfx' l e v e l s  a r e  r e l a t e d .  T h e se  a t t i t u d e s  a r e  t h e n
v i i
d i s c u s s e d  i n  c o n n e c t i o n  w i t h  a  c o m p o s i t e  s p e c t r u m  t a k e n  f ro m  t h e  
l i t e r a t u r e .  P o s s i b i l i t i e s  p r e s e n t e d  a r e  t h a t  t h e  JOOO A° b a n d  o f  an  
a q u e o u s  n i t r a t e  s o l u t i o n  c o n t a i n  an  n - ’lf* ( f o r b i d d e n )  and  a n  n--<a*  
( s l i g h t l y  a l l o w e d )  w h i l e  t h e  2000 A° b a n d  c o n t a i n s  a  THTf*' ( a l l o w e d )  
an d  an n-*o* ( a l l o w e d ) .
F i n a l l y ,  v a r i o u s  s u g g e s t i o n s  a r e  made f o r  f u r t h e r  w ork  t h a t  
w i l l  h e l p  a l l e v i a t e  some o f  t h e  p r e s e n t  i n a d e q u a c i e s  i n  t h i s  a r e a  o f  
s t u d y .
v i i i
I .  INTRODUCTION
I n  t h e  a r e a  o f  m o l e c u l a r  s p e c t r o s c o p y ,  t h e  g r e a t  b u l k  o f
w ork  i s  c o n c e n t r a t e d  on t h e  s t u d y  o f  o r g a n i c  s p e c i e s  - -  t h e  s i m p l e  i n ­
o r g a n i c s  b e i n g  r e l a t i v e l y  n e g l e c t e d .  F o r  e x a m p le ,  t h e  l u m i n e s c e n t  p r o ­
p e r t i e s  o f  t h e  s i m p l e  i n o r g a n i c s  a r e  e i t h e r  unknow n o r  u n i n v e s t i g a t e d .
The sam e c a n  a l s o  b e  s a i d  o f  t h e  e l e c t r o n i c  s p e c t r a ,  w i t h  t h e  a d d ed  
comment t h a t  w h e r e  i n t e r p r e t a t i o n s  e x i s t ,  t h e s e  seem  t o  b e  d u b i o u s .
An a p p r o p r i a t e  a r e a  i n  w h ic h  t o  b e g i n  s u c h  a n  i n v e s t i g a t i o n
i s  t h a t  o f  t h e  s m a l l  h i g h  sym m etry  m o l e c u l e s  and  t h e  o x y a n i o n s .  To 
f a c i l i t a t e  s u c h  a  work , a  s e r i e s  o f  c o m p u te r  c a l c u l a t i o n s  w e re  p e r f o r m e d  
on t h e  e n t i t i e s  c o n s i d e r e d ,  and  t h e s e  r e s u l t s  w e re  t h e n  c o m p a re d  w i t h  
known e x p e r i m e n t a l  f a c t s .  A t t e m p t i n g  t o  f o l l o w  s u c h  a  r o u t i n e  p r o ­
d u c e d  m ix e d  r e s u l t s .  C o m p a r is o n  o f  any  o n e  s e t  o f  c a l c u l a t e d  n u m b ers  
w i t h  e x p e r i m e n t a l  v a l u e s  w o u ld  p r o b a b l y  n o t  b e  v e r y  f a v o r a b l e .  The 
v a l u e  o f  t h i s  w o rk  was n o t  t h e  a c c u r a t e  c a l c u l a t i o n  o f  any  s i n g l e  v a l u e .  
The m a in  a c c o m p l i s h m e n t  w as t o  p r o v i d e  a  t h e o r e t i c a l  b a s i s  t o  s e r v e  a s  
a  g u i d e  f o r  t h e  i n t e r p r e t a t i o n  o f  s p e c t r a  a n d  t h e  s u g g e s t i o n s  o f  p o s ­
s i b l e  new e x p e r i m e n t s .
As a  com m en ta ry  on  t h e  d e g r e e  o f  a c h i e v e m e n t  o f  t h e  a b o v e  a i m s , 
t h e  a u t h o r ' s  s u b j e c t i v e  e v a l u a t i o n  i s  o n e  o f  m o d e r a t e  s u c c e s s .  I n  t h e  
c o u r s e  o f  r e s e a r c h  f o r  t h i s  D i s s e r t a t i o n ,  i n t e r e s t  h a s  b e e n  g e n e r a t e d  
i n  s e v e r a l  d i v e r s e  f i e l d s .  Among t h e s e  a r e :
i )  t h e  v a l i d i t y ,  u s e ,  and  l i m i t a t i o n s  o f  c o m p u t a t i o n a l  m e th o d s  
and  t h e i r  i n h e r e n t  a p p r o x i m a t i o n s  — l e a d i n g  t o  t h e  s u g g e s t i o n  o f  n e e d e d  
im p ro v e m e n t  s ;
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i i )  t h e  n a t u r e  o f  s p e c i e s  i n  s o l u t i o n  an d  t h e i r  p r o b a b l e  e f f e c t  
o n  e l e c t r o n i c  s p e c t r a :
i i i )  a t t e m p t s  t o  s tu d y  t h e  l u m i n e s c e n t  s p e c t r a  o f  and 
o x y a n io n s  i n  o r d e r  t o  e x p l a i n  p o o r l y  r e s o l v e d  o r  a n o m a lo u s  f e a t u r e s  i n  
t h e i r  e l e c t r o n i c  s p e c t r a ;
i v )  a t t e m p t s  t o  o b s e r v e  low  e n e r g y  c h a r g e  t r a n s f e r  b a n d s ;
v )  a t t e m p t s  t o  f i n d  some .s o r t  o f  e x p e r i m e n t a l  s y s t e m  t o  v e r i f y  
t h e  p r e d i c t i o n s  o f  t h e  W alsh  d i a g r a m s  f o r  t h e  v a r i a t i o n  o f  t r a n s i t i o n  
e n e r g y  w i t h  bond  a n g l e s  f o r  a  f i x e d  num ber  o f  e l e c t r o n s .
The g e n e r a l  t e n o r  o f  t h i s  D i s s e r t a t i o n  i s  t o  p o s e  p r o b a b l y  
m o re  q u e s t i o n s  t h a n  i t  a t t e m p t s  t o  a n s w e r .
I I .  CALCULATIONS
The c a l c u l a t i o n s  w e r e  o f  t h e  o n e - e l e c t r o n  W o l f s b e r g - H e lm h o lz  
t y p e .  S l a t e r  and  SCF o v e r l a p - m a t c h e d  w ave f u n c t i o n s  w e r e  u s e d ,  and 
t h e  c o m p u t a t i o n s  w e re  i t e r a t e d  t o  s e l f - c o n s i s t e n c y  o f  t h e  d e n s i t y  m a t r i x .
A. A tom ic  O r b i t a l s
A l l  a to m ic  o r b i t a l s  u s e d  w e re  t h e  S l a t e r  t y p e .  The a to m ic  
o r b i t a l s  w e r e  o f  t h e  g e n e r a l  fo rm
\|f = N r ( n* _ 1 ) e " ( Z" S) / n * a° Y ( j ( W e , 0 )  ( l )
w h e re
N i s  a  n o r m a l i z i n g  f a c t o r ;
n*  i s  a n  e f f e c t i v e  quan tum  n u m b e r ;
Z i s  an  a to m ic  n u m b e r ;
s i s  a s h i e l d i n g  c o n s t a n t ;
ao i s  t h e  B oh r  r a d i u s ;  and
Y(A ,m / 9 , 0 )  i s  a  n o r m a l i z e d  s p h e r i c a l  h a r m o n i c .
H o w ev er ,  two v a r i a n t s  o f  t h i s  b a s i c  o r b i t a l  v a r i e t y  w e re  c o n s i d e r e d .
T h e s e  w e r e :
i )  The S l a t e r  r e c i p e  s e t :  t h i s  s e t  was c o n s t r u c t e d  u s i n g  t h e
s c r e e n i n g  c o n s t a n t s  p r e s c r i b e d  by  t h e  S l a t e r  r u l e s .  H o w ev er ,  t h e  S l a t e r  
r e c i p e  f o r  n*  was d i s r e g a r d e d ,  and  n*  was a lw a y s  t a k e n  t o  b e  i d e n t i c a l  
t o  t h e  p r i n c i p a l  quan tum  num ber  n .
i i )  The SCF O v e r la p - M a tc h e d  s e t :  t h e  e f f e c t i v e  n u c l e a r  c h a r g e ,
( Z - s )  was u s e d  a s  a v a r i a b l e ,  commonly d e s i g n a t e d  ZED, t o  b e  d e t e r m i n e d  
so  t h a t  t h e  o v e r l a p  J ^ ^ d T  a p p r o x i m a t e s  w i t h i n  p r e s c r i b e d  l i m i t s ,  t h e  
o v e r l a p  o f  t h e  p r o p e r  H a r t r e e - F o c k  SCF f u n c t i o n s  o f  t h e  a to m ic  o r b i t a l s  
u n d e r  c o n s i d e r a t i o n  o v e r  a  r a n g e  o f  r e a s o n a b l e  s e p a r a t i o n s  o f  a to m ic  
c e n t e r s .
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B. E n e rg y  C o m p u ta t io n
The two m a in  p r o g ra m s  u s e d  w e r e  o f  a n  i t e r a t i v e  n a t u r e .  I n  
t h e  S l a t e r  t y p e  p r o g r a m ,  d e n o t e d  SLAT2 h e n c e f o r t h ,  t h e  o v e r l a p  was 
g e n e r a t e d  i n t e r n a l l y ,  w h i l e  i n  t h e  SCF m im ic  c a l c u l a t i o n s ,  d e n o te d  ANDY 
h e n c e f o r t h ,  t h e  o v e r l a p  was t a k e n  f ro m  a  s e p a r a t e  p r o g ra m  known as  
CHOPPY, d e s i g n e d  e s p e c i a l l y  f o r  t h i s  p u r p o s e .  The o r b i t a l  e x p o n e n t  
( Z - s )  u s e d  I n  CHOPPY c a n  b e  t a k e n  f ro m  a  SLAT2 o r  NUALA c o m p u t a t i o n . *  
T h e s e  c a l c u l a t i o n s  a r e  b a s e d  on a  c o m p u te r  s o l u t i o n  o f  t h e  . 
s e c u l a r  e q u a t i o n
K j  - E s i j  I = 0  ( s )
T he  d i s t i n g u i s h i n g  f e a t u r e  o f  a  c a l c u l a t i o n  i s  t h e  m an n e r  i n  
w h ic h  t h e  H a m i l t o n i a n  and  o v e r l a p  e l e m e n t s  o f  t h e  d e t e r m i n a n t  a r e  
e v a l u a t e d .  F o r m u la e  u s e d  f o r  t h e s e  p u r p o s e s  r a n g e  f rom  b e i n g  com­
p l e t e l y  d e f i n e d  an d  t h e o r e t i c a l l y  d e r i v a b l e  t o  a d  h o c  an d  e m p i r i c a l .
The a p p r o a c h  u s e d  h e r e  i s  s e m i - e m p i r i c a l  i n  n a t u r e ,  w i t h  t h e  v a l u e s  o f  
t h e  cou lom b ( H ^ ^ ) , t h e  e x c h a n g e  ( H ^ ) ,  and t h e  o v e r l a p  i n t e g r a l s  )
c o m p u te d  u s i n g  r e c i p e s  p r e s c r i b e d  by C u s a c h s . 1
Hi±  = A(POPi ) +  B +  Cq (2)
Bi j  -  +  • ( i )
F = (2  -  |S t j | )  (5 )
w h e re  POP^ i s  t h e  o r b i t a l  o c c u p a t i o n  num ber  o f  t h e  o r b i t a l  i ,  w h e re  q
i s  t h e  n e t  c h a r g e  on  t h e  a to m ,  and  w h e r e  t h e  v a l u e s  o f  A, B ,  and C f o r
d i f f e r e n t  o r b i t a l s  on d i f f e r e n t  c e n t e r s  a r e  g i v e n  by C a r r o l l  and M cG lynn.
*  An a p p e n d ix  c o n t a i n i n g  d e s c r i p t i o n s  o f  t h e  p r o g ra m s  an d  t h e  n e c e s s a r y  
c a r d s  i s  a t t a c h e d  a t  t h e  end  o f  t h e  D i s s e r t a t i o n .
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A f t e r  s u p p l y i n g  t h e  i n i t i a l ,  d a t a ,  t h e  p r o g ra m  g o e s  t h r o u g h  
a n  i t e r a t i v e  r o u t i n e  t o  r e a c h  c h a r g e  s e l f - c o n s i s t e n c y .  At t h i s  p o i n t ,  
t h e  e n e r g y  e i g e n v a l u e s  an d  e i g e n v e c t o r s  a r e  p r i n t e d  o u t .  F rom  t h e  
e i g e n v e c t o r s ,  o n e  c a n  d e t e r m i n e  t h e  sym m etry  o f  a  p a r t i c u l a r  m o l e c u l a r  
o r b i t a l ,  h e r e a f t e r  d e n o t e d  a s  MO, a s s o c i a t e d  w i t h  a  g i v e n  e i g e n v a l u e .
The a b o v e  s e q u e n c e  o f  e v e n t s  o c c u r r e d  i f  t h e  c a l c u l a t i o n  c o n ­
v e r g e d  ( i^ .e .  , w e n t  t o  c h a r g e  s e l f - c o n s i s t e n c y ) .  H o w e v er ,  u n d e r  c e r t a i n  
c o n d i t i o n s ,  t h e  d e s i r e d  e f f e c t  was n o t  a lw a y s  a c h i e v e d . *
F i n a l l y ,  f ro m  t h e  p o i n t  o f  v ie w  o f  r e s u l t s  and  t h e o r y ,  one  
m u s t  v o i c e  c e r t a i n  c r i t i c i s m s  o f  t h e  c a l c u l a t i o n a l  m e th o d .
C. C r i t i q u e  o f  C a l c u l a t i o n a l  M ethod
I n  t h e  i n t e r e s t  o f  t e l l i n g  b o t h  s i d e s  o f  t h e  s t o r y ,  v a r i o u s  
c r i t i c i s m s  m u s t  b e  v o i c e d  c o n c e r n i n g  t h e  c a l c u l a t i o n s  u s e d  t o  o b t a i n  
t h e  c o r r e l a t i v e  d a t a .  T h e s e  s h o r t c o m i n g s  do n o t  f a l l  u n d e r  o n e  g e n e r a l  
h e a d i n g ,  a l t h o u g h  some a r e  i n t e r r e l a t e d .
One d e t r a c t i n g  p o i n t  i s  t h a t  t h e  c a l c u l a t i o n ,  w h ic h  i s  s e m i -  
e m p i r i c a l ,  r e s u l t s  i n  t h e  d i f f e r e n c e  o f  e i g e n v a l u e s  n o t  b e i n g  t h e  t r u e  
e n e r g y  o f  a n  e l e c t r o n i c  t r a n s i t i o n .  T h e s e  n u m b ers  s h o u ld  b e  u s e d  o n l y  
t o  i n d i c a t e  t h a t  s u c h  a  t r a n s i t i o n  may o c c u r  i n  t h i s  v i c i n i t y  p l u s  o r  
m in u s  a  few  t h o u s a n d  A n g s t r o m s .  The r e a s o n  f o r  t h e  l a c k  o f  p r e c i s i o n  
i n  t h e s e  n u m b ers  s te m s  fro m  t h e  f a c t  t h a t  t h e  H a m i l t o n i a n  i s  n o t  a 
w e l l  d e f i n e d  q u a n t i t y ,  b u t  h a s  b e e n  a p p r o x i m a t e d  f ro m  e x p e r i m e n t a l  
q u a n t i t i e s .  F u r t h e r m o r e ,  t h e s e  e x p e r i m e n t a l  q u a n t i t i e s  h a v e  b e e n  d e ­
r i v e d  f ro m  a to m ic  s p e c t r a  and. t h e n  a p p l i e d  t o  m o l e c u l e s .  I n  t h i s  i n ­
s t a n c e ,  who i s .  t o  s a y  t h a t  t h e  v a l e n c e  s t a t e  i o n i z a t i o n  p o t e n t i a l  o f  a
* T h e s e  d i f f i c i i l t i e s  a n d  t h e i r  r e m e d ie s  a r e  d i s c u s s e d  i n  A p p e n d ix  I I .
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2 p o r b i t a l  o f  n i t r o g e n  i s  t h e  same f o r  t h a t  o r b i t a l  i n  a n  a to m  a s  com­
p a r e d  t o  t h a t  same o r b i t a l  i n  a  s m a l l  m o l e c u l e ,  and  a s  c o n t r a s t e d  t o  
t h a t  same o r b i t a l  i n  a  l a r g e  m o l e c u l e .
A n o th e r  a r e a  o f  w e a k n e s s  c o n c e r n s  t h e  f a c t o r s  g o v e r n i n g  t h e  
am ount o f  o v e r l a p  b e tw e e n  d i f f e r e n t  a to m ic  c e n t e r s .  T h i s  i s  a  f u n c t i o n  
o f  t h e  s i z e  o f  t h e  o r b i t a l  e x p o n e n t  u s e d  i n  t h e  s p e c i f i e d  w ave f u n c t i o n .  
T h u s ,  a l l  d e v o l v e s  on t h o s e  i t e m s  t h a t  m u s t  b e  c o n s i d e r e d  i n  d e d u c in g  
a n  o r b i t a l  e x p o n e n t .  I n  g e n e r a l ,  two p r o c e d u r e s  a r e  f o l l o w e d .  One 
m e th o d  i s  t h e  u s e  o f  S l a t e r ' s  r u l e s  an d  a  s u b s e q u e n t  r e - e v a l u a t i o n  a f t e r  
e a c h  i t e r a t i v e  c y c l e .  The o t h e r  m e th o d  i n v o l v e s  k e e p i n g  t h e  o r b i t a l  e x ­
p o n e n t  c o n s t a n t  t h r o u g h o u t  t h e  w h o le  c a l c u l a t i o n  (jL.,e. , t h e  o v e r l a p  i s  
c a l c u l a t e d  s e p a r a t e l y  and  f e d  i n  w i t h  o t h e r  i n p u t  d a t a  i n t o  t h e  i t e r a ­
t i v e  p r o g r a m ) .  The l a t t e r  i n s t a n c e  dem ands  c o n s i d e r a t i o n  o f  a  num ber 
o f  f a c t o r s .  Some o f  t h e s e  f a c t o r s  a r e :
i )  an  o r b i t a l  e x p o n e n t ,  w h ic h  i s  c a l c u l a t e d  by  m a t c h in g  
t h e  o v e r l a p  o f  S l a t e r  o r b i t a l s  w i t h  t h a t  o f  SCF f u n c t i o n  a t  v a r i o u s  
i n t e r n u c l e a r  s e p a r a t i o n s ,  i s  o n l y  v a l i d  f o r  h o m o n u c le a r  p a i r s ,  n o t  f o r  
h e t e r o n u c l e a r  p a i r s .
i i )  t h e  o r b i t a l  e x p o n e n t s  f o r  a  and  fT t y p e  o v e r l a p s  a r e  d i f ­
f e r e n t ,  y e t  o n l y  on e  e x p o n e n t  c a n  b e  u s e d .  A s s i g n i n g  a  d i f f e r e n t  o r b i t a l  
e x p o n e n t  t o  t h e  p^  o r b i t a l  g i v e s  i t  a  s p a t i a l  e x t e n s i o n  d i f f e r e n t  f ro m  
t h a t  f o r  t h e  p ^  and  t h e  p ^  o r b i t a l s .  T h i s  r e s u l t s  i n  t h e  p z b e i n g  u n i q u e  
and  d i s t i n g u i s h a b l e ,  t h u s  d e s t r o y i n g  t h e  r o t a t i o n a l  i n v a r i a n c e  o f  t h e  p 
o r b i t a l s .
i i i )  The ZED's f o r  t h e  s e c o n d  row  e l e m e n t s ,  w h ic h  a r e  c a l ­
c u l a t e d  by .m a tc h in g  w i t h  SCF f u n c t i o n s ,  a r e  n o t  v e r y  r e l i a b l e .  T h i s  i s
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p r o b a b l y  d u e  t o  t h e  f a c t  t h a t  t h e s e  a to m s  h a v e  a v a i l a b l e  o r b i t a l s  o f  
b o n d i n g  e n e r g y  w h i c h ,  h o w e v e r ,  a r e  u n o c c u p i e d .
i v )  t h e  ZED's f o r  a to m ic  o r b i t a l s  t h a t  a r e  b o n d in g  b u t  n o t  
o c c u p i e d  a r e  d i f f e r e n t  f ro m  t h e  ZED 's f o r  t h e  same f i l l e d  o r b i t a l .
v )  t h e s e  t y p e  c a l c u l a t i o n s  a r e  n o t  good f o r  m o l e c u l e s  c o n ­
t a i n i n g  a to m s  w i t h  l a r g e  d i f f e r e n c e s  i n  e l e c t r o n e g a t i v i t i e s .  T h i s  
g i v e s  r i s e  t o  a  c h a r g e  s h i f t  i n  t h e  bond  w i t h  an  i n c r e a s e  i n  c h a r g e  
d e n s i t y  a ro u n d  o n e  p a r t n e r  a n d  r e s u l t i n g  d e c r e a s e  i n  t h e  v i c i n i t y  o f  
t h e  o t h e r .  The r e s u l t  i s  t h a t  t h e  p o t e n t i a l ,  w h ic h  i s  a f u n c t i o n  o f  
c h a r g e ,  c h a n g e s .  S i n c e  t h e  p o t e n t i a l  e n e r g y  i s  a  p a r t  o f  t h e  H a m i l t o n i a n ,  
a n y t h i n g  t h a t  a f f e c t s  t h e  p o t e n t i a l  a l s o  a f f e c t s  t h e  v a l u e  o f  t h e  H a m il ­
t o n i a n .  B u t t h e  o n l y  t y p e  o f  v a l u e  u s e d  f o r  t h e  e f f e c t i v e  H a m i l t o n i a n  
i n  t h e s e  t y p e  c a l c u l a t i o n s  was d e r i v e d  f ro m  c o n s i d e r a t i o n  o f  h o m o n u c le a r  
p a i r s ,  n o t  h e t e r o n u c l e a r  p a i r s . 3
v i )  t h e  ZED i s  a  f u n c t i o n  o f  i n t e r n u c l e a r  d i s t a n c e  t h a t  
m u s t  b e  a r b i t r a r i l y  d i v i d e d  i n t o  a  c o n t r i b u t i o n  f o r  e a c h  a tom  - -  y e t  
t h e  r a d i u s  o f  t h e  a tom  i n  t h e  m o l e c u l e  d e p e n d s  on t h e  c h a r g e  on t h e  a tom  
i n  t h a t  m o l e c u l e .
To a c c e n t u a t e  t h e s e  d i f f i c u l t i e s ,  l e t  u s  c o n s i d e r  t h e  e x a m p le  
o f  t h e  s e l e c t i o n  o f  c o n s t a n t s  f o r  a n  i t e r a t i v e  c a l c u l a t i o n  on t h e  
n i t r a t e  i o n .  The o r b i t a l  e x p o n e n t  [ZED = ( z -  s ) ] ,  t o  b e  u s e d  w i t h  a 
S l a t e r  t y p e  o r b i t a l  i n  o r d e r  t o  p r o d u c e  a n  o v e r l a p  e q u i v a l e n t  t o  t h a t  
f ro m  SCF f u n c t i o n s ,  i s  c a l c u l a t e d ,  u s i n g  t h e  NUALA p r o g r a m ,  a s  a  f u n c ­
t i o n  o f  t h e  i n t e r n u c l e a r  s e p a r a t i o n  R ( i n  a to m ic  u n i t s )  and  d e p e n d s  on  
w h e t h e r  o r  n o t  t h e  o v e r l a p  i s  o f  a  TT o r  o' n a t u r e .






ORBITAL EXPONENTS FOR Tf AND cr OVERLAPS OF 
NITROGEN AND OXYGEN
Oxygen____________;_____  _______________ N i t r o g e n ________________
___________ ZED______________ R f a u )   ZED____________
Tt o v e r l a p  q  o v e r l a p  Tf o v e r l a p  q  o v e r l a p
1 . 6  2 . 1 2  h .2  1 . 7 8  1 . 9h
I . 5 8  2 . 0 9  4 . 0  I . 7 2  1 .9 2
l . 5 h  2 . 0 5  3 . 8  1 . 6 8  I . 9 0
I . 5 2  I . 9 8  3 . 6  1 . 6 2  1 . 8 8
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I n  o r d e r  t o  p e r f o r m  an  i t e r a t i v e  c a l c u l a t i o n ,  o n e  m u s t  f i r s t  
t a k e  a  ZED f o r  t h e  o x y g e n  a tom  t h a t  i s  a  co m p ro m ise  b e tw e e n  t h e  a  and 
t h e  Tf. A s i m i l a r  p r o c e d u r e  m u s t  b e  f o l l o w e d  f o r  t h e  n i t r o g e n  a to m .
I n  c h o o s i n g  t h e  Z E D 's ,  w h ic h  a r e  a  f u n c t i o n  o f  n u c l e a r  s e p a r a t i o n ,  
w h a t  f r a c t i o n  o f  t h e  bond  d i s t a n c e  i s  a l l o t t e d  t o  e a c h  a to m ?  F i n a l l y ,  
t h e  q u e s t i o n  i s  a s k e d ,  how w e l l  d o e s  t h e  o v e r l a p  b e tw e e n  t h i s  h e t e r o ­
p a i r ,  u s i n g  c o m p ro m ise  Z E D 's ,  c o m p a re  w i t h  t h e  SCF o v e r l a p  f o r  t h e  same 
p a i r ?
W ith  t h e s e  q u e s t i o n s  an d  l i m i t a t i o n s  i n  m in d ,  o n e  c o u l d  v e r y  
w e l l  q u e s t i o n  t h e  a c c u r a c y  o f  any  o n e  num ber  i n  t h i s  w h o le  s e r i e s  o f  
c a l c u l a t i o n s .  H o w e v er ,  t h e  o b j e c t  h e r e  was n o t  t o  o b t a i n  a b s o l u t e  
a n s w e r s ,  b u t  r a t h e r  t o  u s e  t h e s e  c a l c u l a t i o n s  a s  a n  i n t e r p r e t i v e  g u i d e  
t o  e x p e r i m e n t a t i o n  an d  t o  known e x p e r i m e n t a l  f a c t .
I I I .  GENERATION OE WALSH DIAGRAMS
P r e v i o u s  i n t e r p r e t a t i o n s  o f  t h e  s p e c t r a  o f  s m a l l  h i g h  sym m etry  
m o l e c u l e s  h a v e  b e e n  d o n e  w i t h  t h e  a i d  o f  a  d i a g r a m  g i v i n g  t h e  MO's 
( g e n e r a t e d  f ro m  v a l e n c e  a to m ic  o r b i t a l s ,  h e r e a f t e r  d e n o t e d  a s  A O 's ) ,  
t h e i r  s y m m e try ,  r e l a t i v e  e n e r g i e s ,  and  v a r i a t i o n s  o f  s u c h  w i t h  bond  
a n g l e . 4
C l a s s i c a l l y ,  s u c h  d i a g r a m s  w e re  g e n e r a t e d  t h r o u g h  t h e  fo rm a ­
t i o n  o f  g r o u p  MO's u s u a l l y  d e n o t e d  G O 's ,  fo rm e d  f ro m  t h e  AO 's o f  t h e  
p e r i p h e r a l  a to m s ;  t h e s e  w e re  t h e n  j o i n e d  w i t h  AO 's o f  t h e  p r o p e r  sym­
m e t r y  on  t h e  c e n t r a l  a to m  t o  p r o d u c e  t h e  m o l e c u l a r  o r b i t a l s .  The 
o r d e r i n g  o f  t h e s e  MO's on  a n  e n e r g y  s c a l e  i s  d o n e  t h r o u g h  c o m p a r i s o n  
w i t h  known s p e c t r a l  d a t a  f o r  t h e  i o n i z a t i o n  o f  e l e c t r o n s  f ro m  m o l e c u l e s  
and  i n  c o n j u n c t i o n  w i t h  known f a c t s  a b o u t  t h e  r e l a t i v e  e n e r g i e s  o f  s and 
p o r b i t a l s  a n d  If an d  a  t y p e  o v e r l a p s .
As an  e x a m p le ,  l e t  u s  c o n s i d e r  t h e  q u a l i t a t i v e  g e n e r a t i o n  o f  
t h e  W alsh  d i a g r a m  f o r  a  t e t r a t o m i c  s p e c i e s  t h a t  w i l l  b e  d i s t o r t e d  a lo n g  
t h e  Z a x i s  w i t h  a  bond  a n g l e  v a r y i n g  f ro m  9 0 °  t o  120°  a n d  g o i n g  f ro m  
t h e  p o i n t  g ro u p  D ^  t o
A. The D , C ase  3h
F i r s t  we w i l l  c o n s t r u c t  t h e  GO 's f o r  t h e  s p e c i e s ,  c o n ­
s i d e r i n g
i )  a n  o v e r l a p  o f  p v a l e n c i e s  on t h e  p e r i p h e r a l  a to m s  
d i r e c t e d  a l o n g  t h e  bond  a x e s  ( p a ' s  s h a d e d  b l a c k )
i i )  p o r b i t a l s  l y i n g  i n  t h e  p l a n e  o f  t h e  m o l e c u l e  b u t  p e r ­
p e n d i c u l a r  t o  t h e  bond  a x e s  (PTT's - -  u n s h a d e d )
10




i i i )  p o r b i t a l s  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  m o l e c u l e  
a n d  t h e  b o n d  a x e s  (PTTj. — b a r r e d )
i v )  s o r b i t a l s  on t h e  e d g e  a to m s .
F o r  t h e  2S o r b i t a l s ,  we h a v e  t h e  u s u a l  GO's
= 7 3  ^ 2 S a + ^2S2 + ^283^ ^
^BS = 7 6  ^ 2 S 2 " ^ 2 S 2 + ^2S3 ^
*CS = 7 3  ^ 2 S2  “ ^ 2 S3 ^ ^
GO's c a n  b e  fo rm e d  b y  a p p r o p r i a t e  l i n e a r  c o m b i n a t i o n s  o f  e a c h  
t y p e  o f  p  o r b i t a l  on t h e  p e r i p h e r a l  a to m s .
F o r  t h e  P lT f 's  we h a v e
[0ptTjLi +  0prfx2 + 0FrrjL33 (it)
^I I  = 7 * 6  " ^ P T [ l 2  +  W 3 ^
’J'1 1 1  = 7 ~ 2  ^PTTjL2  ~ 0PTfl3^ ^
F o r  t h e  P c ' s ,  t h e  GO 's a r e
♦1 , _ 7 5  t * P c i  +  <Paa  +  * P ^  ®
n i ' - j T S  12V  (0PO 2+ 0 Pa3);l (fi)
*U I ' = f i  C0Pa2 -  (2)
F o r  t h e  pTTn's, t h e  GO's a r e
~ 7 3  +  0 ptt„ 2  + W
( 0 p a ,2  +  0 p ir„3 ) ]  ( i i )
The s y m m e t r i e s  o f  t h e  GO’s c a n  b e  d e t e r m i n e d  by  r e p r e s e n t i n g  
th em  a s  d r a w i n g s .  One o f  t h e s e  i s  t h e n  s e l e c t e d  and  t r e a t e d  a s  a n  n 
d i m e n s i o n a l  r e d u c i b l e  r e p r e s e n t a t i o n  (w h e re  n  i s  t h e  num ber  o f  c o n s t i ­
t u e n t  o r b i t a l s  u s e d  t o  c o n s t r u c t  t h e  GO) o f  t h e  g r o u p .  The f i g u r e  i s  
t h e n  s u b j e c t e d  t o  t h e  o p e r a t i o n s  o f  t h e  g r o u p .  A f t e r  s y m b o l i c a l l y  p e r ­
f o r m in g  t h e  o p e r a t i o n ,  o n e  c a n  d e d u c e  t h e  c h a r a c t e r  o f  t h e  m a t r i x  c o r ­
r e s p o n d i n g  t o  t h e  o p e r a t i o n .  I n  t h i s  m a n n e r ,  c o n s i d e r i n g  e a c h  o p e r a t i o n  
i n  t u r n ,  t h e  c h a r a c t e r s  f o r  a  r e d u c i b l e  n - d i m e n s i o n a l  r e p r e s e n t a t i o n  
c a n  b e  g e n e r a t e d .  From t h i s  c a n  b e  t a k e n  t h e  num ber a n d  k i n d  o f  i r ­
r e d u c i b l e  r e p r e s e n t a t i o n s  p r e s e n t  i n  t h e  r e d u c i b l e  r e p r e s e n t a t i o n .  The 
n e x t  j o b  i s  t h e n  t o  e x t r a c t  t h e  s y m m e tr ie s  o f  t h e  i n d i v i d u a l  G O 's fo rm ed  
by  t h e  l i n e a r l y  i n d e p e n d e n t  c o m b i n a t i o n s  o f  t h e  n  b a s i s  o r b i t a l s .  The 
m e th o d  f o r  a c h i e v i n g  t h i s  a im  c a n  b e  i l l u s t r a t e d  by  c o n s i d e r i n g  t h e  f o l ­
lo w in g  e x a m p le .  S u p p o s e  we c h o o s e  a s  a  b a s i s  s e t ,  o r b i t a l s  d e n o t e d  a s
i)rj_ and  \jr2o A ls o  e q u a l l y  a s  v a l i d ,  w o u ld  h a v e  b e e n  a l i n e a r  c o m b i n a t i o n  
o f  t h e s e  two
4'1  = +  bijf2  ( 1^ )
A r u l e  o f  m a t h e m a t i c s  i s  t h a t  t h e  sam e o p e r a t i o n  m u s t  b e  a p ­
p l i e d  t o  b o t h  s i d e s  o f  an  e q u a t i o n .  U s in g  t h i s  t e n e t  an d  a p p l y i n g  a  
g e n e r a l  g ro u p  o p e r a t i o n ,  R, p r o d u c e s
Rijll = aRiJf! +  bRi|re  ( l k )
G roup  o p e r a t i o n s  c a n  a l s o  b e  r e p r e s e n t e d  by  m a t r i c e s  w h ic h  w i l l  b e  
i d e n t i f i e d  by  t h e  n o t a t i o n  ( R ) . tyl c a n  a l s o  b e  w r i t t e n  i n  m a t r i x  fo rm
p - 0 < £ >  t o )
O p e r a t i n g  u p o n  i|tl w i t h  a  g e n e r a l  g ro u p  o p e r a t i o n ,  R y i e l d s
o r
M i  *  <R)(® £ ) ( + " )
R+x * &  £*>({>)
15
( 16)
( I I )
E q u a t i n g  t h e  tw o e x p r e s s i o n s  f o r  t h e  o p e r a t i o n  o f  R upon  i[rl we h a v e
aRtyi bRtys = a  / 'lri  ^  / '1,2  ■*" ^  ^2 ( 1 8 )
T h i s  c a n  b e  v ie w e d  a s  t h e  sum o f  t h e  two e q u a t i o n s
aRi}^ = a  / \jri +  b 'i|r2  ( 1 9 )
and
bRi[f2  = a "tyx ( 2 0 )
The n a t u r e  o f  t h e  c o n s t a n t s  d e p e n d s  u p o n  w h e t h e r  o r  n o t  t h e  w ave f u n c ­
t i o n  o p e r a t e d  on  i s  a  member o f  a  d e g e n e r a t e  p a i r .
T h i s  e n t i r e  p r o c e d u r e  w i l l  now be  a p p l i e d  t o  t h e  GO's fo rm e d  
f ro m  t h e  2 s o r b i t a l s  w hose  p i c t o r i a l  r e p r e s e n t a t i o n s  a r e  shown i n  
F i g u r e  2 .  1I1A w i l l  b e  u s e d  t o  g e n e r a t e  t h e  r e d u c i b l e  r e p r e s e n t a t i o n .  
T he  o p e r a t i o n s  o f  t h e  p o i n t  g ro u p  D ^  w i l l  b e  a p p l i e d  i n  s u c c e s s i o n  t o  
t h e  f i g u r e .  The i d e n t i t y  o p e r a t i o n  t r a n s f o r m s  1 i n t o  l ( l  -• l ) ,  2  i n t o  
2 ( 2  -1 2 ) ,  an d  3 i n t o  3 ( 5  “* 5 )*  T h i s  c a n  b e  w r i t t e n  i n  e q u a t i o n  fo rm  as  
1 = 1 . 1 + 0 . 2  + 0 . 3
2  = 0 . 1  +  1 . 2  + 0 . 3  (2 1 )
3 = 0 . 1  +  0 . 2  + 1 . 3
I n  m a t r i x  n o t a t i o n  we h a v e
f  1 ( \
1 1 0  0 1
2 = 0  1 0 2
3 0  0  1 3
/ k 4
EijrA = E 2 = 0 1 0  2 ( 2 2 )
3 0 0 1 3
V  '  /  V /
The c h a r a c t e r ,  t h e  m a t r i x  o f  t h e  t r a n s f o r m a t i o n  i s  3 -
X(E) = 3 ( 2 2 )
FIGURE 2 .  A d i a g r a m m a t i c a l  r e p r e s e n t a t i o n  o f  t h e  G O 's fo rm e d  by  t h e  s 




F o r  r o t a t i o n  i n  t h e  c o u n t e r c l o c k w i s e  d i r e c t i o n  t h r o u g h  a n  a n g l e  o f  
2 TT/ 3  a b o u t  t h e  p r i n c i p a l  a x i s ,  we h a v e  t h e  t r a n s f o r m a t i o n s ;
1 -* 2 , 2  3 » 3  "* -L
1 = 0 . 1  + 1 . 2 + 0 . 3
2 = 0 . 1  +  0 . 2  +  1 . 3
3 = 1. 1  +  0 . 2  +  0 . 3






-  c3 2 - 0 0 1 2
P j
1
t 0 °J 3
(25)
( 26)
x(Ca) = 0 (21)
I n  a  s i m i l a r  m a n n e r ,  t h e  c h a r a c t e r s  f o r  t h e  r e s t  o f  o p e r a t i o n s  f o l l o w .  
The r e s u l t s  a r e  su m m a riz ed  b e lo w
D h  E 2CS 3C2  a h 2S3  3 a v
2S 3  o
T h ro u g h  t h e  u s e  o f  a  s t a n d a r d  m ethocP  i t  i s  f o u n d  t h a t
r 2S -  a i  +  e ' ( 28 )
N e x t ,  t h e  s y m m e t r i e s  o f  t h e  GO's fA g ,  iJrBg, a n d  tyCg m u s t  b e  
f o u n d .  I f  o n e  now v i e w s  t h e s e  a s  s i n g l e  e n t i t i e s  r a t h e r  t h a n  a s  h a v i n g  
s u b - c o m p o n e n t s ,  i t  i s  s e e n  t h a t  i[rA i s  n o t  a l t e r e d  by an y  o f  t h e  o p e r a -D
t i o n s  o f  t h e  g r o u p .
C s  ©  "  ®
( 2 2 )
(29.)
C o n t i n u i n g  i n  a  s i m i l a r  f a s h i o n  f o r  t h e  r e s t  o f  t h e  o p e r a t i o n s  y i e l d s  
o p e r a t i o n  E 2C3  3C2  ex̂  2S3  3 c v
c h a r a c t e r 1 1
w h ic h  i s  p l a i n l y  t h e  r e p r e s e n t a t i o n  a H e n c e ,  fAg -* a ^  a n d  fB g ,  fCg -» 
e / . S i m i l a r l y ,  o n e  c a n  d e t e r m i n e  t h e  s y m m e t r i e s  o f  GO 's fo rm e d  by  t h e  
v a r i o u s  p o r b i t a l s .
F o r  t h e  pTlj. 's  t h e  GO's a r e  d i s p l a y e d  i n  F i g u r e  3 . The f i r s t  
m o d e l  i s  s y m m e tr ic  w i t h  r e s p e c t  t o  C3 ( r o t a t i o n  by  1 2 0 °  a b o u t  t h e  m a in  
a x i s )  b u t  n o t  t o  C2  a n d  o ^ .  H e n c e , f l  t r a n s f o r m s  a s  a 2 . The r e m a i n i n g  
two a r e  a g a i n  d e g e n e r a t e  an d  t r a n s f o r m  a s  e " .  T h u s ,  
f l  -♦ a |  and  f l l ,  f i l l  -* e "
F o r  t h e  pTTi,'s c o n s i d e r  t h e  GO 's e x h i b i t e d  i n  F i g u r e  h .  f l ' 
i s  s y m m e tr ic  t o  a l l  o p e r a t i o n s  e x c e p t  a v  an d  C2  and  i s  h e n c e  a 2 . ijrIXr 
an d  f i l l '  a r e  d e g e n e r a t e  a n d  a r e  n o t  a f f e c t e d  b y  h e n c e ,  t h e y  m u s t  
t r a n s f o r m  a s  e ' .
To d e t e r m i n e  t h e  s y m m e t r i e s  o f  t h e  p a ' s ,  c o n s i d e r  t h e  d ra w ­
i n g s  shown i n  F i g u r e  5- tyT" i s  t o t a l l y  s y m m e t r i c ;  h e n c e ,  i t  t r a n s f o r m s  
a s  a i .  f l l "  an d  f i l l "  a r e  d e g e n e r a t e ;  t h e i r  s i g n s  a r e  n o t  c h a n g e d  by 
a ^ ;  t h e y  t h e r e f o r e  t r a n s f o r m  a s  e / .
A. The C„ C ase  3v
I n  t h e  c a s e  ( w i t h  9 0 °  b o n d  a n g l e )  c o n s i d e r  g ro u p  o r b i t a l s  
i )  fo rm e d  f ro m  2 s l o n e  p a i r  a to m ic  o r b i t a l s
i i )  fo rm e d  by  p a  o r b i t a l s  d i r e c t e d  a l o n g  t h e  b a n d  a x e s
i i i )  fo rm e d  by  p o r b i t a l s  i n  t h e  p l a n e  o f  t h e  B a to m s  and
o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  b o n d  a x e s
i v )  fo rm e d  by  p o r b i t a l s  n o t  i n  t h e  p l a n e  o f  t h e  B a to m s
and  p e r p e n d i c u l a r  t o  t h e  bond  a x e s .
T h e s e  a r e  i l l u s t r a t e d  i n  F i g u r e  6 ,
FIGURE 5 . The GO's form ed by t h e  pTT|_ o r b i t a l s .
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FIGURE 5 . The GO's formed by t h e  p a  o r b i t a l s .
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For the s orbitals we have
i^Ag = [0 2 S i  +  0 2 g 2  +  0 2Ss  ̂ tel)
“  7~e ̂ 2 S i " ^ 2 s 2 +  02 s s ^  te&
♦ V  = J~2  ̂ 2 S2  " 0 2 S3 ^ te&)
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F o r  t h e  p o r b i t a l s  i n  t h e  p l a n e  o f  t h e  B a tom s an d  p e r p e n d i ­
c u l a r  t o  t h e  bond  a x e s ,  we f i n d
ilflpa = -7^7  [0  — +  0 — +  0  —]  ( l Z )
v /  5 P ier p 2a  , p 3 a J
ilr2 p a  ■ “T^z [2 0  — -  ( 0  — +  0  —) ] ( 5 8 )v /  6 L p ^  ' p 2a  P3O1
if3 p a  = -7^  [0 _  -  0 _ ]  ( 3 9 )/  2  L p 2a  P3 0  ^
F o r  t h e  p o r b i t a l s  p e r p e n d i c u l a r  t o  t h e  b o n d  a x e s  and  n o t  i n
t h e  p l a n e  o f  t h e  B a t o m s , we f i n d
i l f l p a  -  -7 ^ 7  [0  =  +  0  =  +  0  = ]  ( 4 0 )
* /  3 PlCT Pscr P 3 ct
l̂ 2p5 = [20 = - (0 = + 0 =)] (41)
/  6  P i d  v p 2 g  P 3 c r J —
i|i3 p a  = ~F~in [0 = -  0  = ]  ( 4 2 )/  2  p 2a  p3 a J —
A g a in  u s i n g  a p i c t o r i a l  r e p r e s e n t a t i o n  t o  d e t e r m i n e  t h e i r  sym­
m e t r i e s ,  we h a v e  t h e  GO‘ s a s  shown i n  F i g u r e  J. ijiAg i s  s y m m e tr ic  t o  a l l
t h e  o p e r a t i o n s  o f  t h e  g ro u p  C7v_j nod h e n c e  t r a n s f o r m s  a s  t h e  r e p r e s e n t a t i o n




a j , .  tyB '  an d  tyC '  c a n  b e  shown t o  b e  d e g e n e r a t e  and  t r a n s f o r m  a s  t h e  r e -  
o o
p r e s e n t a t i o n  e lP
F o r  t h e  p c r ' s ,  we f i n d  t h e  GO’s g i v e n  i n  F i g u r e  8 . tylpcr i s  
s y m m e tr ic  t o  a l l  t h e  o p e r a t i o n s  o f  t h e  p o i n t  g ro u p  and  t h e r e f o r e
t r a n s f o r m s  a s  a ^  i|f2p a  and  a r e  d e g e n e r a t e  and  t r a n s f o r m  a c c o r d i n g
t o  t h e  e  r e p r e s e n t a t i o n .
F o r  t h e  p ' s  i n  t h e  p l a n e  o f  t h e  B a to m s ,  we f i n d  t h e  GO's 
d i s p l a y e d  i n  F i g u r e  $ . i|flpa i s  u n a l t e r e d  b y  t h e  o p e r a t i o n  C3 . H o w e v er ,  
a p p l i c a t i o n  o f  a  c a u s e s  a n  i n v e r s i o n  o f  s i g n s .  H ence  i |dpa  t r a n s f o r m s  
a s  t h e  a 3  r e p r e s e n t a t i o n .  \[r2 pcr an d  a r e  d e g e n e r a t e  an d  t r a n s f o r m
a s  t h e  e r e p r e s e n t a t i o n .
S i m i l a r l y  f o r  t h e  p ' s  n o t  i n  t h e  p l a n e  o f  B a tom s 
ijflpcr -♦ a i  w h i l e  ty2 p a  an d  ijr3 p a  -* e 
T h u s ,  f i n a l l y ,  f o r  a  n o n - h y d r i d e  t e t r a t o m i c  s p e c i e s  we h a v e  t h e  GO 's 
an d  t h e i r  s y m m e tr ie s  a l o n g  w i t h  t h o s e  o f .  t h e  AO 's on  t h e  c e n t r a l  a to m . 
T h e s e  r e s u l t s  a r e  d i s p l a y e d  i n  T a b l e  I I .
O b v i o u s l y ,  iJfAg c o r r e l a t e s  w i t h  ^Ag^. I n  g o i n g  f ro m  t o  
t h e  p r ' s  go f ro m  a TT-type o v e r l a p  t o  a  o - t y p e  o v e r l a p .  H e n c e ,  we c a n  
p o s t u l a t e  t h e  t r a n s f o r m a t i o n  o f  tylpcr i n t o  tyl. The n o n - b o n d i n g  o r b i t a l  
i n  t h e  p l a n e  o f  t h e  m o l e c u l e  p e r p e n d i c u l a r  t o  t h e  bond  a x i s  r e m a in s  t h e  
s a m e , l e a d i n g  t o  t h e  c o n n e c t i o n  o f  i]/la w i t h  tyl f. T h i s  l e a v e s  ^ l p a  t o  
c o m p a re  w i t h  i | i l l // .
U s in g  t h e s e  i d e a s  a s  g u i d e s ,  we c a n  com pose  a  l i s t i n g  o f  t h e  
t r a n s f o r m a t i o n s  i n  g o in g  f ro m  C t o  T h e s e  r e s u l t s  a r e  g i v e n  i n
T a b l e  I I I .




FIGURE 9 .  The GO's formed by t h e  p o r b i t a l s  i n  t h e  p la n e  o f  t h e  B atoms
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U s in g  t h e  g ro u p  t h e o r e t i c a l  r e s u l t s  and  t h e  q u a l i t a t i v e  e n e r g y  
c o n s i d e r a t i o n s  p r e v i o u s l y  m e n t i o n e d s one  o b t a i n s  t h e  g r a p h i c a l  d i s p l a y  
s h o r n  i n  F i g u r e  10 f o r  t h e  t r a n s f o r m a t i o n  f ro m  g ro u p  t o
S i m i l a r  t y p e  d i a g r a m s  c a n  a l s o  b e  draw n f o r  o t h e r  i n s t a n c e s ,  
s u c h  a s  t h e  d i s t o r t i o n  o f  a  t r i a t o m i c  m o l e c u l e  f ro m  a  b e n t  t o  a  l i n e a r  
s h a p e .  F i g u r e  11 i l l u s t r a t e s  t h i s  c a s e .
B. C o m p u t a t io n a l  R e s u l t s
I n  o r d e r  t o  s u p p l y  some n u m b ers  a s  g u i d e - p o s t s  on t h e s e  W alsh  
d i a g r a m s ,  c a l c u l a t i o n s  w e r e  p e r f o r m e d  on t r i - r  and  t e t r a t o m i c  m o d e l s .
The v a r i o u s  MO's r e t a i n e d  t h e i r  i d e n t i t i e s  on  d i s t o r t i o n  so  t h a t  one  
c o u l d  p l o t  t h e i r  e n e r g i e s  a s  a  f u n c t i o n  o f  v a r i a t i o n  i n  bond  a n g l e .
The f o l l o w i n g  f i g u r e s  show t h e  r e s u l t s  o f  s u c h  c a l c u l a t i o n s  f o r  r e p r e ­
s e n t a t i v e  D^. , C , , an d  C„ e n t i t i e s .  T h e s e  a r e  i n  e s s e n t i a l  a g r e e m e n t  J h  J v  2v
w i t h  t h e  p u b l i s h e d  q u a l i t a t i v e  W alsh  d i a g r a m s  shown on  t h e  s u c c e e d i n g  
p a g e s .
C. C o m p a r iso n  o f  t h e  Q u a l i t a t i v e  and  Q u a n t i t a t i v e  D ia g ra m s
The d i f f e r e n c e s  n o t e d  b e tw e e n  t h e  q u a l i t a t i v e  and q u a n t i t a ­
t i v e  d i a g r a m s  w e r e  t h e  e n e r g y  i n t e r v a l s  b e tw e e n  d i f f e r e n t  s e t s  o f  
l e v e l s ,  t h e i r  o r d e r s ,  an d  g e n e r a l  c o n t o u r s .
L e t  u s  now t r y  t o  r a t i o n a l i z e  w h a t  t o  e x p e c t  f ro m  t h e s e  d i a ­
g ra m s .  I n  t h e  C^ c a s e ,  u s i n g  p u r e  p and  p h y b r i d i z e d  o r b i t a l s ,  c o n ­
s i d e r  t h e  two e x t r e m e s  shown i n  F i g u r e  1 8 .  As t h e  b o n d  a n g l e  i s  i n ­
c r e a s e d ,  some o v e r l a p s  becom e s t r o n g e r ,  o t h e r s  w e a k e r ,  and  i n  some 
o v e r l a p s  t h e  t y p e  o f  p a r t i c i p a t i n g  o r b i t a l ( s )  v a r y .  T he  cr o r b i t a l  on 
t h e  tw o n o n - c e n t r a l  a to m s  n e e d e d  t o  o v e r l a p  w i t h  t h e  p o r  h y b r i d i z e d  p
FIGURE 10 Q u a l i t a t i v e  Walsh d iagram  f o r  t h e  t r a n s f o r m a t i o n  from t h e
p o i n t  group C^  t o  .
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FIGURE 1 1 .  Q u a l i t a t i v e  Walsh d iagram  f o r  t h e  t r a n s i t i o n  from p o i n t
group t o  a l i n e a r  form . 7
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FIGURE 1 2 .  Q u a n t i t a t i v e  W alsh  d i a g r a m  f o r  a  r e p r e s e n t a t i v e  
m o l e c u l e  ( n i t r i t e ) .

FIGURE l j .  Q u a n t i t a t i v e  W alsh  d i a g r a m  f o r  a  r e p r e s e n t a t i v e  D,.^ s p e c i e s  
( n i t r a t e ) .
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FIGURE I 5 . A p l o t  o f  t o t a l  en e r g y  v s .  a n g le  f o r  N03  in  o r d e r  t o  f in d





FIGURE 16 A p l o t  o f  t o t a l  e n e r g y  v s .  bond a n g le  fo r  N02  in  o r d e r  t o




FIGURE 1 J . A p l o t  o f  t o t a l  e n e r g y  v s .  bond a n g le  f o r  C103 in  o r d e r  to




FIGURE 1 8 . I l l u s t r a t i n g  th e  b o n d in g  f o r  a t r ia t o m ic  m odel in  th e
extremes of C„ and .






o r b i t a l s  on  t h e  c e n t r a l  a to m  a r e  d i f f e r e n t .  I n  t h e  Ĉ , c a s e ,  i t  i s
2 v
fo rm e d  by  a n  a p p r o p r i a t e  c o m b i n a t i o n  o f  p ' s  and  p ' s  o f  t h e  e d g e  a to m s .
X z
I n  t h e  e x a m p le ,  t h e  a  o v e r l a p  i n  b e tw e e n  a  sp  h y b r i d  and  t h e  p u r e
P x ' s .  On c h a n g in g  f ro m  o n e  s i t u a t i o n  t o  t h e  o t h e r ,  t h e  t y p e  o f  o v e r l a p  
i n v o l v i n g  t h e  p ^  o r b i t a l s ,  on  t h e  e d g e  a t o m s ,  v a r i e s .  T hey  a c t  a s  a
c o n s t i t u e n t  o f  a o - t y p e  o r b i t a l  i n  t h e  b e n t  m o l e c u l e .  I n  t h e
l i n e a r  m o l e c u l e ,  t h e  p ’ s fo rm  a  Tf-type o v e r l a p .  The p  o r b i t a l s  fo rm
Z  X
stronger cf overlaps with increasing bond angle, whereas the efficiency 
of the TT-type overlap of the p^ orbitals decrease because of their 
greater separation.
B a s e d  on t h e s e  g e n e r a l  i d e a s ,  o n e  c o u l d  p e r h a p s  p o s t u l a t e
t h a t  i f  a  MO i s  com posed  c h i e f l y  o f  o n e  t y p e  o f  AO i t s  q u a l i t a t i v e
e n e r g y  b e h a v i o r  s h o u l d  f o l l o w  t h a t  o f  t h e  AO. Then a s  a  g e n e r a l  t r e n d ,  
o r b i t a l s  h a v i n g  Pz ' s  a s  t h e  m a j o r  c o n t r i b u t o r s  s h o u l d  becom e l e s s  b o n d ­
i n g  an d  r i s e  i n  e n e r g y  i n  g o in g  f ro m  l e f t  t o  r i g h t .  M ost  o f  t h e  o r b i t a l s  
o f  sym m etry  a ^  h a v e  c o n s i d e r a b l e  c o n t r i b u t i o n s  f ro m  t h e  p z o r b i t a l s .  
I n s p e c t i o n  o f  F i g u r e  12  c o n f i r m s  t h e  e x p e c t e d  t r e n d .  T h o s e  MO's i n
w h ic h  t h e  p ' s  a r e  d o m in a n t  s h o u l d  r i s e  a l s o ;  w h e r e a s  i f  t h e  p ' s  a r e  
*y x
t h e  m a in  f a c t o r ,  t h e y  s h o u l d  f a l l ,  and  i n  t h o s e  MOfs c o n t a i n i n g  e q u a l
an d  o p p o s i t e  c o n t r i b u t i o n s  l i t t l e  c h a n g e  s h o u l d  o c c u r .  The p^  o r b i t a l s
fo rm  t h e  m a j o r  p o r t i o n  o f  t h e  MO's o f  sym m etry  a 2 *
From t h e  f o r e g o i n g ,  o n e  w o u ld  e x p e c t  t h e  f o r m a t i o n  o f  two
s e t s  o f  d e g e n e r a t e  IT o r b i t a l s  i n  t h e  l i n e a r  m o l e c u l e .  One b e i n g  fo rm ed  
by  t h e  o v e r l a p  o f  t h e  p ^  o r b i t a l s  and t h e  o t h e r  by t h e  o v e r l a p  o f  t h e  
Py o r b i t a l s .  C o m p a r is o n  w i t h  F i g u r e  12 r e v e a l s  t h r e e  d e g e n e r a t e  |T o r b i ­
t a l s  f o r  t h e  l i n e a r  m o l e c u l e .  One a l s o  n o t e s  t h a t  t h e  u p p e r m o s t  a ^
l e v e l  f a l l s  i n  g o i n g  f ro m  r i g h t  t o  l e f t ,  an d  t h a t  m o s t  o f  t h e  o t h e r  
o r b i t a l s  e i t h e r  r e m a in  c o n s t a n t  i n  e n e r g y  o r  r i s e  i n  g o i n g  f ro m  1 8 0 °  t o  
9 0 ° .
F o r  t h e  D ^ - C ^ .  e x a m p le ,  c o n s i d e r  t h e  m o d e ls  g i v e n  i n  F i g u r e  
1 9 .  I n  p a s s i n g  f ro m  on e  l i m i t  t o  t h e  o t h e r ,  t h e  P z ' s  go f ro m  b e i n g  a 
member o f  a  a  o r b i t a l  t o  b e i n g  p a r t  o f  a TT-type o v e r l a p  ( a a  -  a ^ ) .
The p an d  p 1s a t  b o t h  e x t r e m e s ,  and  i n  b e t w e e n ,  f u n c t i o n  a s  c o n s t i -r  y
t u e n t s  o f  a  o r b i t a l s  t h a t  a r e  i n  t h e  m a j o r i t y  a n t i b o n d i n g  ( e  -  e 7, 
aB ~ a s )*  H e n c e ,  MO's com posed  m a i n l y  o f  P z ’ s s h o u l d  r i s e  i n  g o i n g  
f ro m  9 0 °  t o  1 2 0 ° .  The i n c r e a s e  i n  d i s t a n c e  b e tw e e n  t h e  c o n s t i t u e n t  
o r b i t a l s  o f  an. a n t i b o n d i n g  MO i n  v a r y i n g  f ro m  9 O0  t o  120°  l e s s e n s  t h e  
a n t i b o n d i n g  i n t e r a c t i o n s  ( i n c r e a s e s  t h e  b o n d in g  i n t e r a c t i o n s )  c a u s i n g  
t h e s e  MO's t o  becom e lo w e r  i n  e n e r g y .
C o m p a r is o n  o f  t h e  a b o v e  t r e n d s  w i t h  t h e  p u b l i s h e d  an d  c a l ­
c u l a t e d  v e r s i o n s  show e s s e n t i a l  a g r e e m e n t .  D i s a g r e e m e n t  i s  m a n i f e s t  
i n  t h e  o r d e r  o f  t h e  o r b i t a l s .  W a lsh  h a s  t h e  o r b i t a l s  o f  sym m etry  e" 
a b o v e  t h o s e  o f  sym m etry  e 7, w h i l e  t h e  c a l c u l a t e d  r e s u l t s  i n d i c a t e  t h a t  
t h e  o r b i t a l s  o f  sym m etry  e 77 a r e  m ore  b o n d i n g  t h a n  t h e  o r b i t a l  o f  sym­
m e t r y  e 7. T h i s  d i f f i c u l t y  c a n  b e  r a t i o n a l i z e d  by  r e f e r e n c e  t o  t h e  
d i a g r a m m a t i c a l  r e p r e s e n t a t i o n s  f o r  t h e  tw o m o l e c u l a r  o r b i t a l s  shown 
i n  F i g u r e  2 0 .
The m o s t  s t a b l e  m o l e c u l a r  o r b i t a l ;  _i._e. , t h e  one  w i t h  t h e  
m o s t  n e g a t i v e  e n e rg y ,  w i l l  b e  t h e  on e  xidth t h e  g r e a t e r  num ber  o f  b o n d in g  
i n t e r a c t i o n s ,  o r  t h e  l e a s t  num ber o f  a n t i b o n d i n g  i n t e r a c t i o n s .  A 
b o n d i n g  i n t e r a c t i o n  b e tw e e n  two o f  t h e  c o n s t i t u e n t  o r b i t a l s  o f  t h e  MO 
e x i s t s  when l o b e s  o f  l i k e  s i g n s  o v e r l a p .  An a n t i b o n d i n g  i n t e r a c t i o n
FIGURE 1 9 . M o d e ls  I l l u s t r a t i n g  t h e  b o n d i n g  f o r  r e p r e s e n t a t i v e  C ^  
(b o n d  a n g l e  9 ^ ° )  aTl(  ̂ (b o n d  a n g l e  1 2 0 ° )  e n t i t i e s .
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FIGURE 2 0 .  M o d e ls  i l l u s t r a t i n g  t h e  u p p e r m o s t  m o l e c u l a r  o r b i t a l s  o f  









comes f ro m  t h e  o v e r l a p  o f  l o b e s  o f  d i f f e r e n t  s i g n s .  C o n s i d e r i n g  o n ly  
n e a r e s t  n e i g h b o r s ,  t h e  e 7/ MO h a s  one  a n t i b o n d i n g  i n t e r a c t i o n .  The e 7 
MO h a s  one  b o n d in g  i n t e r a c t i o n  b e tw e e n  t h e  o r b i t a l s  num bered  1 and  2 .  
T h e r e  i s  one  a n t i b o n d i n g  i n t e r a c t i o n  com posed  o f  t h e  o v e r l a p s  o f  t h e  
p o s i t i v e  l o b e  o f  o r b i t a l  1 w i t h  t h e  n e g a t i v e  l o b e  o f  o r b i t a l  h,  and  
t h e  n e g a t i v e  l o b e  o f  o r b i t a l  1 w i t h  t h e  p o s i t i v e  l o b e  o f  o r b i t a l  3 « 
T h e r e  i s  a l s o  a d d i t i o n a l  a n t i b o n d i n g  i n t e r a c t i o n  b e tw e e n  t h e  p o s i t i v e  
lo b e  o f  o r b i t a l  3 a n d t h e  n e g a t i v e  l o b e  o f  o r b i t a l  4 .  Take;- a l t o g e t h e r  
t h e  MO e 7 s h o u ld  h a v e  a  t e n d e n c y  t o  b e  s l i g h t l y  a n t i b o n d i n g .  Thus  b y  
c o m p a r i s o n ,  on e  e x p e c t s  t h e  MO o f  sym m etry  e" t o  b e  m ore  a n t i b o n d i n g  
t h a n  t h e  MO o f  sym m etry  e  7. T h i s  i s  W a l s h ' s  c o n c l u s i o n .  H ow ever ,  a s  
t h e  c e n t r a l  a tom  i s  p u l l e d  o u t  a lo n g  t h e  z a x i s  t h e  n a t u r e  i n  t h e  MO e // 
c h a n g e s  b e c a u s e  t h e  Pz ' s  become p a r t  o f  a  a  o v e r l a p  w i t h  p v a l e n c i e s  
on t h e  c e n t r a l  a tom  and  s h o u ld  t e n d  t o  become b o n d i n g .  C o n s i d e r i n g  t h e  
e f f e c t  o f  d i s t o r t i o n  a l o n g  t h e  z a x i s  f o r  t h e  MO e 7 shows t h a t  t h i s  
o n ly  s e r v e s  t o  b r i n g  t h e  p e r i p h e r a l  a tom s c l o s e r  t o g e t h e r  and  i n c r e a s e s  
t h e i r  a n t i b o n d i n g  i n t e r a c t i o n s .  T h e r e f o r e ,  r e l y i n g  on  t h e  a b o v e  e x ­
p r e s s i o n s  one  w o u ld  e x p e c t  t h a t  a s  t h e  m o l e c u l e  becom es p y r a m i d a l  t h a t  
t h e  MO e - e 77 w ou ld  d r o p  i n  e n e r g y  a n d  t h a t  t h e  MO e - e  7 w ou ld  r i s e  i n  
e n e rg y  and  i n  t h e  e x t r e m e  o f  s m a l l  bond  a n g l e s  (i,._e. , 9 0 ° )  b e  w i d e l y  
s e p a r a t e d  i n  e n e r g y  and  a b o v e  t h e  MO e - e 77. S i m i l a r l y ,  o n e  e x p e c t s  
t h a t  t h e  u p p e rm o s t  a ^ a g  MO fo rm ed  by t h e  b o n d in g  o v e r l a p  o f  p^ a to m ic  
o r b i t a l s  on t h e  e d g e  a tom s w i l l  d r o p  i n  e n e r g y  o r  d i s t o r t i o n  a l o n g  t h e  
z a x i s .  T h i s  i s  b e c a u s e  t h e  o v e r l a p s  o f  t h e  p z o r b i t a l s  w i l l  become 
g r e a t e r  w i t h  d e c r e a s i n g  d i s t a n c e  b e tw e e n  t h e  a to m ic  c e n t e r s .
6 4
D, E l e c t r o n  D i s t r i b u t i o n
To c o m p l e t e  a  d i s c u s s i o n  o f  t h e  b o n d i n g  i n  t h e  Cv>v5 ® jh  ’ anC^
C t y p e s ,  c o n s i d e r  t h e  e l e c t r o n  c o n f i g u r a t i o n  o f  t h e  c o n s t i t u e n t  a to m s  
a n d  t h e  c h a r g e s  on  t h e  a to m s  f o r  t h e  m o l e c u l e s / i o n s :  NO^, NO3 , CO3 ,
S03 , CIO3 , an d  BF3 . The f o l l o w i n g  i n f o r m a t i o n  was d e r i v e d  f ro m  c a l c u ­
l a t i o n s  t h a t  w e r e  d o n e  u s i n g  t h e  b o n d  l e n g t h s  and  b o n d  a n g l e s  o f  t h e  
g r o u n d  s t a t e s .
N i t r i t e  i o n  h a s  t h e  e l e c t r o n  c o n f i g u r a t i o n  4-75Sn ^ 3 * 6 5 0 s
w i t h  a  n e g a t i v e  c h a r g e  o f  - 0 . 1 2 6  on  t h e  n i t r o g e n  a n d  a  n e g a t i v e  c h a r g e  
o f  - O . 4 3 6 8  on  t h e  o x y g e n .
A d d i t i o n  o f  a n o t h e r  o x y g e n  a to m  p r o d u c e s  t h e  n i t r a t e  r a d i c a l  
w i t h  t h e  e l e c t r o n  c o n f i g u r a t i o n  o f  N2 s 1 ,3 7 9 N2 p3 ‘ 4229 w i t h  a  n e g a t i v e  
c h a r g e  o f  - 0 . 1 9 7 2  on  t h e  n i t r o g e n  and  a  n e g a t i v e  c h a r g e  o f  - 0 , 3 9 9 2  on  t h e  
o x y g e n .
C a l c u l a t i o n s  on t h e  c a r b o n a t e  i o n  r e v e a l s  an  e l e c t r o n  c o n f i g u ­
r a t i o n  o f  C_ i . i s 4q 2 .8 7 5  a  c h a r g e  o f  - 0 . 0 5 9 ^  on t h e  c a r b o n  a to m  and
2 s  2p
a  c h a r g e  o f  - 0 . 6 4 6 8  on t h e  o x y g e n  a to m .
I n  S03 , t h e  c o n f i g u r a t i o n  on t h e  c e n t r a l  s u l f u r  a tom  i s  S 1 ,3 5 7
g 3 . 7 9  wi£ h  a  c h a r g e  o f  +O . 8 5 2 7  on  t h e  s u l f u r  a to m  and a  c h a r g e  o f  
3P
- 0 . 2 8 4 2  on  t h e  o x y g e n  a to m .
F o r  BF3  we h a v e  Bgs °  * e 8 6 8 j$ l*  "719 wi t h  t h e  c e n t r a l  a tom  h a v i n g  
a  c h a r g e  o f  -K ).59^2  a s  o p p o s e d  t o  - O . I 9 8 I  on t h e  f l u o r i n e  a to m s .
C h l o r a t e  h a s  t h e  f o l l o w i n g  d i s t r i b u t i o n ;  Cl_ 1 , 6 7 1 ^C1 • 4 .7 8 4 2
3 s  3 p
w i t h  t h e  c h l o r i n e  p o s s e s s i n g  -1-0,5446 p o s i t i v e  u n i t s  and t h e  o x y g en  a tom  
h a v i n g  - 0 . 5 1 5 *
The a b o v e  r e s u l t s  a r e  g i v e n  i n  c o lu m n a r  fo rm  i n  T a b l e  IV . The 
f o l l o w i n g  t h o u g h t s  s h o u l d  b e  k e p t  i n  m ind  w h i l e  e x a m in in g  t h e  t a b l e :
TABLE IV
A SUMMARY OF THE CHARGES FOR THE MOLECULES/IONS
STUDIED AS DERIVED FROM CALCULATION
C h a r g e  D i f -
C h a rg e  f e r e n c e  B e t -  L o w es t
on t h e  C h a rg e  on w een  C e n t r a l  E n e rg y
C e n t r a l  P e r i p h e r a l  t h e  a n d  O u te r  T r a n s i t i o n s
Compound Atom_______ Atom C e n t e r  Atom Atoms A°______
N O a(ll5 .1( .0 ) N - 0 . 4 3 6 8  - 0 . 1 2 6  - O . 3 IO8  3 5 0 0
N 0 3 (1 2 0 ° )  N - 0 . 3 9 9 2  - 0 . 1 9 T 2  - 0 . 2 0 2 0  3000
0 0 3 ( 1 2 0 ° )  C - 0 . 6 4 6 8  - 0 . 0 5 9 4  - 0 . 5 8 7 4  2 7 0 0
S0S ( 1 2 0 ° )  S - 0 . 2 8 4 2  -10 .8527  - 1 . 1 3 6 9  2700
BF3 ( l 2 0 ° )  B - 0 .1 9 8 1  + 0 .5 9 4 2  - 0 . 7 9 2 3  <2000
0 1 0 3 ( 1 0 6 . 7° )  c i  - 0 . 5 1 5  +0 . 5 4 4 6  - 1 . 0 5 9 6  2 0 0 0
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i )  t h e  lo w e r  e n e r g y  e l e c t r o n i c  t r a n s i t i o n s  a r e  p r o b a b l y  
f ro m  o r b i t a l s  l o c a l i z e d  on  t h e  o u t e r  a to m s  t o  a n  o r b i t a l  l o c a l i z e d  on 
t h e  c e n t r a l  a to m ;
i i )  two p o i n t s  on d i f f e r e n t  p o t e n t i a l  e n e r g y  c u r v e s  a r e  
s e p a r a t e d  i n  e n e r g y  by t h e  p o t e n t i a l  d i f f e r e n c e  e x i s t i n g  b e tw e e n  t h o s e  
two p o i n t s ,  w h ic h  c a n  b e  r e l a t e d  t o  t h e  d i f f e r e n c e  i n  c h a r g e  d e n s i t y  
b e tw e e n  t h e  tw o  p o i n t s ;
i i i )  t h e s e  c h a r g e  d i f f e r e n c e s  s h o u l d  m a n i f e s t  t h e m s e l v e s  
i n  some o t h e r  m an n e r  t h a n  a f f e c t i n g  t h e  t r a n s i t i o n  e n e r g y .
T h i s  w o u ld  seem  t o  e x p l a i n  some o f  t h e  f o l l o w i n g  o b s e r v e d  t r e n d s  and  
f a c t s  f o r  t h e  s p e c i e s  l i s t e d .
W here t h e  a to m s  h a v e  c o m p a r a b l e  e l e c t r o n e g a t i v i t i e s  (N03 , 
N0S ) , t h e  e a s e  xvith w h ic h  an  e l e c t r o n  i s  t r a n s f e r r e d  f rom  t h e  o u t e r  t o  
t h e  c e n t r a l  a to m  seem s t o  b e  a  f u n c t i o n  o f  t h e  m a g n i tu d e  o f  t h e  c h a r g e  
on  t h e  c e n t r a l  a to m ; _ i.j2. , how much t h e  e x t r a  n e g a t i v e  c h a r g e  i s  r e ­
p u l s e d  by t h e  c h a r g e  a l r e a d y  p r e s e n t  on t h e  c e n t r a l  a to m . H ow ever ,  i f  
t h e r e  i s  a  c o n s i d e r a b l e  d i f f e r e n c e  i n  t h e  e l e c t r o n e g a t i v i t i e s  o f  t h e  
c o n s t i t u e n t  a to m s  (C l0 3 , S03 , C03 , BF3 ) , i t  a p p e a r s  t h a t  t h e  g o v e r n i n g  
f a c t o r  w ou ld  b e  how d i f f i c u l t  i t  i s  t o  rem ove  t h e  e l e c t r o n  f ro m  t h e  
h i g h l y  e l e c t r o n e g a t i v e  a to m . T h u s ,  w h e re  t h e  c h a r g e  d i f f e r e n c e  i s  
s m a l l ,  one  w o u ld  e x p e c t  t h e  t r a n s i t i o n  t o  b e  a c h i e v e d  w i t h  lo w e r  
e n e r g i e s  t h a n  w h e re  t h e  c h a r g e  d i f f e r e n c e  i s  l a r g e .
The q u a l i t a t i v e  i d e a s  e x p r e s s e d  a b o v e  s h o u l d  a l s o  b e  q u a n t i ­
t a t i v e l y  v e r i f i a b l e .  The w h o le  a rg u m e n t  i s  b a s e d  on t h e  e n e r g e t i c s  o f  
g o i n g  f ro m  o n e  MO a s s o c i a t e d  w i t h  a c e r t a i n  t y p e  o f  a tom  t o  an  MO a s ­
s o c i a t e d  w i t h  a n o t h e r  t y p e  o f  a to m . So w h a t  i s  d e s i r e d  i s  some s o r t
o f  e x p r e s s i o n  t h a t  w i l l  t a k e  i n t o  a c c o u n t  t h e  d i f f e r e n c e  i n  c h a r g e  b e t ­
w een  t h e  c e n t r a l  and e d g e  a to m s  and c a n  a l s o  b e  u s e d  t o  c a l c u l a t e  an  
e n e r g y  d i f f e r e n c e .  I t  i s  r e c a l l e d  t h a t  t h e  e x p r e s s i o n  f o r  an  e n e r g y  
l e v e l  E o f  q u an tum  num ber  n  i n  t h e  B ohr a p p r o x i m a t i o n 8 I s
= -2TT2 me4Z2 / n 2 h s
The q u a n t i t y  Z i n  e q u a t i o n  ( 4 3 )  i s  s u p p o s e d  t o  b e  t h e  a t o m i c  n u m b e r .  
H o w ev er ,  i f  o n e  i s  c o n s i d e r i n g  a n  e l e c t r o n  i n  t h e  o u t e r  v a l e n c e  s h e l l s  
t h a t  i s  s c r e e n e d  f ro m  t h e  n u c l e u s ,  Z i s  r e p l a c e d  by  t h e  q u a n t i t y  (Z -  s ) .  
" s .  i s  t h e  s c r e e n i n g  c o n s t a n t  f o r  a  g i v e n  e l e c t r o n  and  I s  e v a l u a t e d ,  
u s i n g  S l a t e r ' s  r u l e s .  S o ,  e q u a t i o n  ( 4 3 )  becom es
E = -2 lT % e 4Z ^J. / n sh2 (4 4 )n  e f f  —
w h e re
ze f f  = (Z - 3) ( i s )
S p e c i e s  u n d e r  c o n s i d e r a t i o n  w i l l  b e  c h a r a c t e r i z e d  a s  XO^. X 
r e p r e s e n t s  t h e  c e n t r a l  a to m ,  0  t h e  n o n - c e n t r a l  a to m s ,  n  i s  t h e  num ber  o f  
0  a t o m s ,  and  q i s  t h e  c h a r g e  on  t h e  e n t i t y .
T he  e n e r g y  o f  a  t r a n s i t i o n  f ro m  an  o r b i t a l  l o c a l i z e d  m a i n l y  
on t h e  0  a to m s  t o  o n e  l o c a l i z e d  m a i n l y  on  t h e  X a to m s  w i l l  d e p e n d  on 
s e v e r a l  f a c t o r s .  T h e s e  a r e
i )  t h e  am ount o f  e n e r g y  r e q u i r e d  t o  rem ove  an  e l e c t r o n  f ro m  an  0  
a to m . T h i s  i s  r e l a t e d  t o  t h e  i o n i z a t i o n  p o t e n t i a l  o f  t h e  0 a t o m - f o r  
t h e  e l e c t r o n  c o n f i g u r a t i o n  t h a t  e x i s t s  i n  t h e  g i v e n  e n t i t y .
i i )  t h e  a b i l i t y  o f  t h e  c e n t r a l  a tom  t o  a c c e p t  t h e  e x t r a  c h a r g e .
T h i s  i s  a  f u n c t i o n  o f  t h e  e l e c t r o n  a f f i n i t y  o f  t h e  X a tom  f o r  i t s  p a r ­
t i c u l a r  e l e c t r o n  c o n f i g u r a t i o n .
i l l )  t h e  d i f f e r e n c e  i n  a t t r a c t i v e  f o r c e s  t h a t  e x i s t  b e tw e e n  t h e  
a to m s  b e f o r e  and  a f t e r  t h e  t r a n s f e r  o f  c h a r g e .  T h i s  i s  r e l a t e d  t o  t h e  
Coulomb i n t e r a c t i o n  t e r m  C.
A l l  t h i s  c a n  b e  c o n d e n s e d  t o  t h e  e q u a t i o n
AE = i p j  -  EA* -  G (4 6 )x
w h e re
+
o s i g n i f i e s  t h e  g ro u n d  s t a t e  e l e c t r o n i c  c o n f i g u r a t i o n  and 
*  i s  t h e  g ro u n d  s t a t e  e l e c t r o n i c  c o n f i g u r a t i o n  o f  t h e  
c e n t r a l  a to m .
H o w e v e r ,  t h e  e l e c t r o n  a f f i n i t y  o f  t h i s  a tom  b e a r i n g  a  p a r t i a l  c h a r g e  i s
a p p r o x i m a t e l y  e q u a l  t o  an  i o n i z a t i o n  p o t e n t i a l
EA* =  I P .  ( ^ 7 )x  x  “
w h e re  , i s  t h e  g ro u n d  s t a t e  e l e c t r o n i c  c o n f i g u r a t i o n  p l u s  o n e  e x t r a  
e l e c t r o n .  U s in g  t h e  a p p r o x i m a t e  e q u a l i t y ,  we h a v e
AE = i p j  -  -  C (4 8 )
T he i o n i z a t i o n  p o t e n t i a l  i s  now t a k e n  a s  p r o p o r t i o n a l  t o  t h e  e f f e c t i v e  
c h a r g e  on  t h e  a tom
IPcvZe Jf  ( jg )
U t i l i z i n g  t h i s  p r o p o r t i o n a l i t y ,  we a r r i v e  a t  o u r  w o r k i n g  e q u a t i o n  o f
Ze | f ( ° )  -  Ze f f ( i ) " CQilv ‘ ^
As a  f i r s t  a p p r o x i m a t i o n ,  l e t  u s  n e g l e c t  t h e  Coulomb i n t e r ­
a c t i o n  t e r m  (c) an d  j u s t  c o r r e l a t e
z J f (o) -  Ze | f ( x ) o h v  ($1)
The v a r i o u s  Z ’s  w i l l  b e  e v a l u a t e d  u s i n g  S l a t e r ’ s r u l e s .  The r e s u l t s  
e f f
a r e  su m m a riz ed  i n  T a b l e  V.
The r e s u l t s  e x p r e s s e d  i n  T a b l e  V w e r e  d e r i v e d  f ro m  i d e a s  
b a s e d  on  a n a l y s i s  o f  t h e  m a t e r i a l  i n  T a b le  IV . The t r e n d s  e x p r e s s e d  by
TABLE V
CORRELATION OE PROPORTIONALITY BETWEEN 
THE DIFFERENCES IN EFFECTIVE NUCLEAR CHARGE 
AND THE LOWEST ENERGY TRANSITION
Ze f f ( o ) / n 2-
7 2  /  *W  2  L ow es t  E n e rg y
S p e c i e s  e f f \ x  ̂ n  T r a n s i t i o n  (A )
N0 2 ( i i 5 . 4 ° )  - 1 . 7 2  3 5 0 0
N0 3 ( 1 2 0 ° )  - 2 . 0 k  3 0 0 0
C0 3 ( 1 2 0 o ) - 2 . 5 8  2 7 0 0
s 0 3 ( 1 2 0 ° )  - 2 . 0 9  3 0 0 0
BF3 ( 1 2 0 ° )  - 5 .O3  <2000
C 103(106.7o ) - 1.60  <2000
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the data in the two tables seems to be more or less compatible. The 
only exception seems to be C103 . This might be explained by the fact 
that the above treatments have been hinged on similar and dissimilar 
electronegativities. Clearly compounds of N and 0 have constituents 
of similar electronegativity and compounds S, C, and B with F and 0 
have constituents of dissimilar electronegativities. However, the 
electronegativity of Cl with respect to oxygen is such that C103 falls 
in an intermediate category.
Turning now to the charge separation in the bands, it would 
be expected that in the presence of other charge accepting or donating 
species these entities should show some tendency towards coordination.
A safe generality would be that negative centers would attract electro- 
philic agents while positive centers should align with nucleophiles. 
Applying this line of reasoning, HOg, N03 and C03 ought to coordinate 
with positive charges through the oxygen atoms while S03 and BF3 should 
coordinate with negative species through the central atom. Chlorate 
should be able to coordinate with either type. The strength of this 
affiliation should be dependent on how efficient the center is at per­
turbing the donor and/or its ability to accommodate the extra charge.
The power to distort involves the charge to radius ratio while the ac­
ceptor property relies on the availability of vacant orbitals.
To be viewed as supporting evidences for these contentions 
are the facts that nitrites,9 nitrates,10 and carbonates11 bond through 
the oxygen atom, that carbonates hydrolyze in aqueous solutions to 
form HC03 with the hydrogen bonding to one of the oxygens,12 that S03 
in the presence of 1I30 abstracts the oxygen and forms 1I2S04 , and also 
that BF3 coordinates with amines, through the boron atom, to form charge 
transfer type complexes.13
IV. SURVEY OF THE LITERATURE
For the oxyanions/molecules considered (i.e., N02 , N03 , C03 , 
S03 , Cl03 , BF3 ), the availability of published electronic spectra 
varies. The C^v molecules have relatively well characterized electro­
nic spectra (i.e., they are known) for N02 , S02 , C02 , etc. Material 
for the types is less abundant, with only nitrate having a widely 
reported electronic spectrum but with many conflicting interpretations
available.14“19 Other D , species reported to have an electronic
3h
spectrum are carbonate33 and sulfur trioxide.21 However, the last two
are not at all well characterized. In the case of the group, there3v
are only spurious reports in the literature as to their having electro­
nic spectra22 and none are published.
Literature interpretations, and a critical discussion of such, 
along with the best available or experimental spectrum, will now be 
considered one at a time. By available spectrum is meant one from the 
literature. An experimental spectrum is one determined by the author. 
These spectra will be presented in two manners: one will be a plot of
the logarithm of the extinction coefficient (e) versus the wavelength 
in mp,; the second will be tracings of the experimental peaks that will 
show detail not discernible in the plotted versions.
A. N02
The nitrite ion in aqueous solution exhibits three spectral 
features:23 two weak bands, at 3 5 O and >̂10 m|J. respectively, and one 
strong band at approximately 210 nip. The lowest energy transition, 
with an oscillator strength (f) of 3 5 8  x 10~6 , is believed to be of
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FIGURE 21. A plot of the extinction coefficient (e) vs. 





FIGURE 22, Tracing of the 2000 A° peak of aqueous sodium nitrite.
T5
xoo
FIGURE 2 3 . T r a c i n g  o f  t h e  3 IOO A° s h o u l d e r  o f  a q u e o u s  s o d iu m  n i t r i t e .
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FIGURE 2b . T r a c i n g  o f  t h e  3 5 OO A° p e a k  o f  a q u e o u s  s o d iu m  n i t r i t e .
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Uj^TT*(ai -• b s )  t y p e  and  i s  g r o u p  t h e o r e t i c a l l y  a l l o w e d .  The o t h e r  low  
e n e r g y  t r a n s i t i o n  i s  t y p i f i e d  a s  n 0-̂ 'iTx' [ b x -* b 2 ( n o t  a l l o w e d )  o r  a !  
b2 ( a l l o w e d ) ]  and  h a s  a  m e a s u r e d  f  o f  180 x  10“ 6 . The i n t e n s e  h i g h  
e n e r g y  p e a k  i s  a d j u d g e d  t o  b e  a n  a l l o w e d  T T - > T -* >̂2 ) t r a n s i t i o n  w i t h  
a n  o s c i l l a t o r  s t r e n g t h  o f  0 . 1 3 7 *
The  ( a )  p a r t  o f  F i g u r e  2 5  i s  t h e  q u a l i t a t i v e  MO e n e r g y  l e v e l  
d i a g r a m  f ro m  w h i c h  t h e  f o r e g o i n g  a t t i t u d e s  a r e  d e r i v e d ,  w h i l e  t h e  ( b )  
p a r t  e x p r e s s e s  t h e  r e s u l t s  o f  c a l c u l a t i o n s  on t h e  n i t r i t e  i o n .  The 
o r d e r i n g  o f  t h e  e n e r g y  l e v e l s  f o r  t h e  c a l c u l a t e d  v e r s i o n  i s  t h e  same 
a s  t h a t  o f  t h e  p u b l i s h e d  W alsh  d i a g r a m ( s ) .  The  s e q u e n c e  o f  e n e r g y  
l e v e l s  f o r  t h e  S idman  v e r s i o n  d o e s  n o t  a g r e e  w i t h  t h a t  o f  t h e  Walsh  
d i a g r a m .  The  d i f f e r e n c e  b e t w e e n  t h e  S idman  v e r s i o n  and  t h a t  o f  W alsh  
i s  t h e  i n t r o d u c t i o n  o f  a n  nQ o r b i t a l  o f  sym m etry  a1 . T h i s  o r b i t a l  i s  
n e e d e d  t o  i n t r o d u c e  a n  a l l o w e d  t r a n s i t i o n  o f  low i n t e n s i t y  l y i n g  b e t ­
w een  t h e  and Tf-i'Tf* t r a n s i t i o n s .  The i n s e r t i o n  o f  t h i s  o r b i t a l
p r o d u c e s  an  o r d e r i n g  t h a t  d o e s  n o t  a g r e e  w i t h  t h e  W alsh  d i a g r a m .
The  no'+TP5' t r a n s i t i o n  ( b x •=« b 2 ) t h a t  i s  c o n s i s t e n t  w i t h  t h e  t h e o r e t i c a l  
p i c t u r e  i s  n o t  symmetry  a l l o w e d .  A r e l a t e d  f a c t  i s  t h a t  a q u e o u s  n i t r i t  
h a s  a  p e a k  a t  c a  J00 m|j, w h i l e  t h e  c r y s t a l  s p e c t r u m  d o e s  n o t . 24  H e n c e ,  
i t  seems t h a t  a n o t h e r  e x p l a n a t i o n  o f  t h e  s e c o n d  weak  t r a n s i t i o n  o t h e r  
t h a n  t h a t  i t  s h o u l d  b e  an  a l l o w e d  n 0 ->Tr* t r a n s i t i o n  w o u ld  b e  p r e f e r a b l e .  
F u r t h e r m o r e ,  t h e  s p a c i n g s  o f  t h e  e n e r g y  l e v e l s  a l s o  s u g g e s t  t h a t  t h e  
h i g h  e n e r g y  p e a k  i s  com posed  o f  m o re  t h a n  j u s t  a  s i n g l e  TT+7T* t r a n s i t i o n
FIGURE 2 5 ( a ) .  MO e n e r g y  l e v e l  d i a g r a m s  f o r  n i t r i t e  i o n  — t a k e n  f r o m  
S id m a n .  24
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FIGURE 2 5 ( b ) .  MO e n e r g y  l e v e l  d i a g r a m s  f r o m  n i t r i t e  i o n  - -  as d e r i v e d  
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FIGURE 2 6 .  A p l o t  o f  e x t i n c t i o n  c o e f f i c i e n t  ( e) V£. w a v e l e n g t h  f o r  
a q u e o u s  n i t r a t e .
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FIGURE 2 7 .  T r a c i n g  o f  t h e  2000 A0 p e a k  o f  a q u e o u s  n i t r a t e .
/ f S "  U S '
p i  C m . M . )





W a t e r  s o l u t i o n s  o f  n i t r a t e s  e x h i b i t  two p r o m i n e n t  f e a t u r e s ;  
a  weak p e a k  a t $00 m(j, and  a  v e r y  i n t e n s e  on e  a t  200 mp,. C o n v e n t i o n a l  
i n t e r p r e t a t i o n s  o f  t h e s e  t r a n s i t i o n s  a r e  n-»lT* a n d / o r  n-^o* 1 4  f o r  t h e  
l o n g  w a v e l e n g t h  p e a k  w i t h  t h e  h i g h e r  e n e r g y  p e a k  b e i n g  l a b e l e d  a s  an  
a l l o w e d  TMT*. The r e a s o n  f o r  p o s t u l a t i n g  an  n-*o* t r a n s i t i o n  i s  t h e  
f a c t  t h a t  t h e  o s c i l l a t o r  s t r e n g t h  an d  e x t i n c t i o n  c o e f f i c i e n t  f o r  t h i s  
p e a k  a r e  t o o  l a r g e  t o  b e  t y p i c a l  o f  a n  n-*lT* t r a n s i t i o n . 1 4  H o w e v e r ,  f o r  
an  i s o l a t e d  n i t r a t e  i o n  ( e n e r g y  l e v e l  d i a g r a m  shown i n  F i g u r e  2 9 )  , t h e  
o n l y  u n o c c u p i e d  o r b i t a l  o f  n e g a t i v e  e n e r g y  i s  o f  a  Tt* n a t u r e .  T h e r e ­
f o r e ,  o t h e r  r e a s o n s  f o r  a c c e p t a n c e  o r  e x c l u s i o n  o f  a n  n - o *  t r a n s i t i o n  
m u s t  b e  s o u g h t .  I n  a d d i t i o n  t o  t h e s e  f a c t s ,  c o g n i z a n c e  m u s t  b e  t a k e n  
o f  r e p o r t e d  a s y m m e t r i e s 1 5 ’ 2 5  i n  b o t h  t h e s e  p e a k s  w h i c h  may i n d i c a t e  t h a t  
t h e y  a r e  r e p r e s e n t a t i v e  o f  m o re  t h a n  a  s i n g l e  t r a n s i t i o n .
C * CO3
A c c o r d i n g  t o  c e r t a i n  a u t h o r s ,  c a r b o n a t e  i n  w a t e r  s o l u t i o n  
h a s  an  e x c e e d i n g l y  w eak a b s o r p t i o n  a t  a p p r o x i m a t e l y  275  m|J. a nd  a  r e l a ­
t i v e l y  i n t e n s e  one  a t  c a  200 mp. T h e s e  a r e  s u p p o s e d  t o  c o r r e s p o n d  t o  
n -o *  and n-*TT* t r a n s i t i o n s  r e s p e c t i v e l y ,  w h i l e  o t h e r s  c o n s i d e r  t h e s e  t o  
b e  n=*!T* a n d  TMT* . 2 0  An a b s o r p t i o n  s p e c t r u m  t a k e n  u s i n g  a  s a t u r a t e d  
s o l u t i o n  i n  a  10 cm c e l l  shows t h e  weak  b a n d  a t  2 7 5  mlJ' anc  ̂ a d d i t i o n  
r e v e a l s  two e v e n  w e a k e r  b a n d s  a t  330  and  3 8 0  mp. A t e n t a t i v e  e x p l a n a ­
t i o n  o f  t h e s e  b a n d s  i s  t h a t  t h e y  c o r r e s p o n d  t o  h i g h l y  f o r b i d d e n  s i n g l e t - 
t r i p l e t  a b s o r p t i o n s .  T h i s  t y p e  o f  a b s o r p t i o n  e n h a n c e d  by  s p i n  o r b i t  
c o u p l i n g  c o u l d  a l s o  b e  t h e  r e a s o n  why c e r t a i n  h e a v y  m e t a l  c a r b o n a t e s  
a r e  c o l o r e d . 27
FIGURE 2 9 . MO e n e r g y  l e v e l  d i a g r a m  f o r  n i t r a t e  i o n  a s  d e r i v e d  f rom  













FIGURE 3 0 .  A p l o t  o f  e x t i n c t i o n  c o e f f i c i e n t  ( e) v s . w a v e l e n g t h  f o r  
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FIGURE 3 1 .  A t r a c i n g  o f  t h e  a b s o r p t i o n  s p e c t r u m  o f  S03  t a k e n  f r o m  a  
l i t e r a t u r e  s o u r c e .
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D. S03
The  e l e c t r o n i c  s p e c t r u m  o f  s u l f u r  t r i o x i d e  i s  n o t  w e l l  
c h a r a c t e r i z e d .  The r e c o r d e d  a b s o r p t i o n  i s  a  w e a k  o n e  e x t e n d i n g  f ro m  
300 mp t o  b e l o w  200 mp and  h a v i n g  a n  e o f  o n l y  100 a t  200 mp . 2 1  Walsh  
b r e a k s  t h i s  e x t e n d e d  r e g i o n  o f  weak  a b s o r p t i o n  up  i n t o  n~iT* an d  n -o *  
t r a n s i t i o n s .  T h e r e  i s  some d o u b t  a s  t o  w h e t h e r  o r  n o t  t h e  s p e c t r a  
r e p o r t e d  i n  t h e  l i t e r a t u r e  a r e  r e l i a b l e  b e c a u s e  o f  t h e  e a s e  w i t h  w h i c h  
SO3  u n d e r g o e s  p h o t o d e c o m p o s i t i o n .
E . ClO3
The  r e p o r t e d  a b s o r p t i o n  f e a t u r e  f o r  t h i s  i o n  i n  a q u e o u s  m e d i a  
i s  t h e  b e g i n n i n g  o f  a n  a b s o r p t i o n  ba nd  a t  a p p r o x i m a t e l y  2 2 0  mp w i t h  t h e  
p e a k  l y i n g  b e l o w  200 mp. One p u b l i s h e d  i n t e r p r e t a t i o n  i s  t h a t  i t  i s  a  
c h a r g e  t r a n s f e r  t o  s o l v e n t  b a n d . 2 2
FIGURE 3 2 .  A p l o t  o f  e x t i n c t i o n  c o e f f i c i e n t  ( e )  v s .  w a v e l e n g t h  f o r  
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FIGURE 33•  T r a c i n g  o f  t h e  s h o u l d e r  on  t h e  h i g h  e n e r g y  p e a k  (1 8 0 0  A°)  
f o r  a q u e o u s  c h l o r a t e .
1 0 1
! %  ZGO 2-/0 0
V. COMPARISON WITH EXPERIMENT
The qualitative Walsh diagrams can be used to predict the 
number of low energy transitions and their polarization. Having sup­
plied some numbers for the energy scale, we can say something about the 
wavelengths of these transitions. It is also now possible to calculate 
the total energy corresponding to a given electron configuration. Take 
for instance, the nitrate ion. The electron configurations for the 
ground state and two of the possible excited states are
ground state (a{)2(e ')4(as)2(al)2(e ')4(e")4(e ')4(ai)2 
n-TT* state ( )( )( )( )( )( )( ) ( a | ) ( a | )
TT-TT* state ( ) (e")3 (e ')■4(a^)2(a|)
Placing the appropriate number of electrons in each MO, multiplying by 
the energy of the MO, and then summing these quantities up for the 
number of valence electrons gives the total energy for a given configu­
ration for a given bond angle. If this is done for the range of angles 
and the results are plotted, one obtains an estimate of the bond angle 
corresponding to the minima in the various energy curves. Such graphs 
are shown on pages "if) through 51 in Section III.
Examination of the diagrams for these simple molecules/ions 
predicts that, in the energy range corresponding to the ordinary vis-uv 
portion of the spectrum (~ 8000-2000 A°), one would expect to find three 
or four transitions. However, since some of these transitions are very 
close in energy and may be of unequal intensity, each transition may 
not result in a pronounced unique spectral feature. More pertinently, 
nitrite has three major peaks, one at 38O mu, a second at J10 m|j,, and 
a third at 200 mjJ.. By contrast, nitrate, has one at 300 mpl and another
10J
at 200 m|j,, while chlorate shows the beginning of a peak somewhere below 
200 m(j,. However, a single peak may contain several transitions; it 
may be formed by the superposition of several peaks of approximately 
the same energy. Therefore,.though one predicts four transitions, but 
only observes a single peak, it is not necessarily implied that there 
is only one transition; indeed, several of similar energies may consti­
tute the one band. The following tables are for the representative 
compound, and others in its class (the same number of electrons). Such 
information as the number and energy of the transitions, the allowed- 
ness, the bonding, and the geometry of the excited states are also de­
tailed.
Examination of the table for the 2h electron types reveals, 
at least, a superficial correlation with experiment. Theory predicts 
one or two forbidden transitions followed by an allowed one at higher 
energies. It is observed, for the first three entries, that there are 
one, two, or even three, weak or very weak transitions, as judged by 
the oscillator strengths, followed by a more intense one at higher 
energies. However, the calculated transition wavelengths do not agree 
very well with experimental values. Also, three low energy peaks (in 
the case of carbonate) are not accountable for from the simple Walsh 
diagram.
For the 26 electron case, of which C103 is representative, 
the prediction is for four allowed transitions, all of approximately 
the same energy. Scanning the absorption spectrum of aqueous NaCl03 
shows the beginning of a strong absorption, with the maximum below 
180 mu., with a shoulder on the long wavelength edge.
TABLE VI




I Possible (calculated) ; Observed (experimental)
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e^-’â TrJ'TT*) x y plane 0.26 2060 | 2000 0.31-3 10 4
e' -* al N. A. 0 22lG
3000 11.9x10"6 10a2-*a2(n-*TT*) N.A. 0 258O
II CO00 120°
e " -» a% x y plane o . U 1-570 <2000
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e" -* a 1 x y plane 0.25 5670 2000 <100 
3000 100
e / a| N.A. 0 3820
a^ -* a| N.A. 0 4260
b f3 120°
1e "  -  a% x y plane
e / a% N.A.
t . " 3^ 32 N.A.
TABLE V II
SUMMARIZED DATA FOR 26  ELECTRON SPECIES OF SYMMETRY C5V
!
;
Bond A n gle  !
T r a n s i t i o n s
P o s s i b l e  ( c a l c u l a t e d ) O bserved ( e x p e r im e n t a l )
Grounc S t a t e E x c i te d  S t a t e
Type
A llo w e d n e ss  
(Group Theory)
Osc.
S tr e n g th
Wave­
le n g t h
Wave­
l e n g t h
O sc.
S tr e n g th
E x t i n .  
C o e f f .C a lc . Obs. C a lc . Obs.
1 0 6 °
2 0 ^ 
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SUMMARIZED DATA FOR 18 ELECTRON SPECIES OF SYMMETRY C ^
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Calculations on the C^  examples (NOg) predict one or two 
weakly allowed or forbidden transitions followed by an allowed one. 
Again, the agreement in this aspect is good, but the calculated and 
observed wavelengths do not correlate with any degree of regularity.
Also, as a general observation, there is a prediction that 
with a decreasing number of electrons the transitions should shift to 
lower energies. This trend is verified by noting the wavelength of the 
lowest energy transitions for C103 , NO3, and N02.
A. Search for IR Charge Transfer Bands
For the isolated ions, the calculations predict transitions 
of the order of UV energies. Positioning a positive ion within bonding 
distance, however, leads to the prediction of an allowed low energy 
(i.e., IR) electronic transitions from an orbital located mainly on 
the anion to one concentrated mainly on the coordinated solvent and 
cation. This prediction, however, is not in keeping with observed ex­
perimental fact. A scan of the IR region from 20,000 A0 down to J000 A0 
for concentrated aqueous metal nitrates, failed to reveal any transi­
tions that might be typical of a charge transfer transition. However, 
most of the solutions showed either a large positive or negative peak, 
with respect to water reference, at approximately 1 .8 microns. The 
possibilities to consider here are:
i) a defect in the calculation , not valid for species
exhibiting large differences in electronegativities);
ii) that the instrument response (Cary 111-) in this region 
is not sensitive enough to detect weak electronic transitions;
109
iii) that the species which exhibit this charge transfer 
transition are at very low concentration in aqueous solution.
In connection with item i), one must bear in mind the fact 
that the Hamiltonian is a function of kinetic and potential energies. 
Further, that potential energy is a function of charge. So, if there 
are large charge separations in a bond, some attempt must be made to 
introduce this into the effective Hamiltonian. This is done by taking 
into account Madelung energies.3
A system that possibly exhibits such a charge-transfer tran­
sition is a solution of Cu(N03 )2 in ethyl acetate.32 In this solution, 
the 3000 A° peak has an extinction coefficient e of approximately 2000
whereas in aqueous solution it is much weaker. The proposed species in
-j-ethyl acetate is CuN03 .
Although there is limited correlation between theory and ex­
periment, there are enough discrepancies' to prompt a search for more 
satisfying explanations. As mentioned in a previous section, the various 
atoms in these representative species have been found to be the sites of 
relatively high negative or positive charges which will certainly have 
some effect on the surrounding media, solvent molecules and/or associated 
cations. Such effects will now be considered in the following section.
VI. EXPECTED DIFFERENCES BETWEEN SOLUTION AND GASEOUS SPECTRA
As a matter of complication, it is noted that there is a 
large body of experimental fact especially for the nitrate ion in solu­
tion, that can not be explained on the basis of the simple MO energy 
level diagrams or the Walsh diagrams^17 In need of explanation are 
such facts as a blue shift of the 200 mp, band with increasing cation 
concentration and with decreasing ionic size of the associated cation. 
Also to be interpreted is the large difference in oscillator strengths 
between the JjOO mp peak nitrate and the 270 m|J, peak of carbonate. 
Theoretically, these peaks should correspond to the same kinds of tran­
sitions and should be of comparable intensity.
The interpretation of solution spectra using an MO energy 
level developed for the isolated ion is dubious. A very apt question 
here is; what would be the form of the potential energy function for 
the ion in a crystal as opposed to that of the ion in solution or in 
an isolated field free environment? Proceeding on the assumption that 
the potential energy functions are different, one must arrive at the 
conclusion that the energy eigenvalues for dissimilar potentials are 
different and that these differences should be reflected in some pro­
perty associated with the energy levels of the different species; _i._e. , 
their spectra.
Alternatively, for the isolated ion, considering only valence 
2s-and 2p-A0 's, there should be available An atomic orbitals to form 
molecular orbitals. The introduction of another moiety at a bonding 
distance in the vicinity of the ion should furnish more atomic orbitals. 
The bonding or "associated" species will have more available molecular
110
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o r b i t a l s  an d  may o r  may n o t  h a v e  s i g n i f i c a n t l y  d i f f e r e n t  s p e c t r a l
f e a t u r e s  t h a n  t h e  s i m p l e  i o n .
L e t  u s  how q u a l i t a t i v e l y  r a t i o n a l i z e  i n  some d e t a i l  w h a t
m ig h t  h a p p e n  i n  t h e  e v e n t  o f  a n  i n t e r a c t i o n  w i t h  a  c o o r d i n a t i n g  s p e c i e s .
I m a g in e  a  p l a n a r  i o n  o r  m o l e c u l e  com posed  o f  p and  p o r b i t a l s  i n  t h ex  y
p l a n e  o f  t h e  m o l e c u l e  and  o f  p ^  o r b i t a l s  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  
m o l e c u l e .  F u r t h e r  im a g in e  t h a t  t h e  i o n  i s  c o o r d i n a t e d  w i t h  some s p e c i e s  
s i t u a t e d  a l o n g  o n e  o f  t h e  p r i n c i p a l  a x e s  a s  shown i n  F i g u r e
I n  t h e  i s o l a t e d  i o n ,  t h e  s e t  o f  per, o r b i t a l s  a r e  d e g e n e r a t e .  
The i n t e r a c t i o n  o f  t h e  c o o r d i n a t i n g  s p e c i e s  w i t h  t h e  o r b i t a l s  p a i  and  
PO3  w i l l  c a u s e  th em  t o  becom e d i f f e r e n t  f ro m  p<j£ a n d  a  s p l i t  i n  t h e  p a  
d e g e n e r a c y  w i l l  o c c u r .  T h i s  c a u s e s  t h e  c r e a t i o n  o f  two new m o l e c u l a r  
o r b i t a l s .  One w i l l  becom e m o re  b o n d i n g  t h a n  t h e  d e g e n e r a t e  s e t  f ro m  
w h ic h  i t  was d e r i v e d ,  and  t h e  o t h e r  l e s s  b o n d i n g .  The s e p a r a t i o n  o f  
t h e s e  MO's w i l l  d e p e n d  on t h e  s t r e n g t h  o f  t h e  i n t e r a c t i o n  b e tw e e n  t h e  
a c c e p t o r  a n d  t h e  p e r i p h e r a l  a to m s .  The d e g r e e  o f  I n t e r a c t i o n  s h o u l d  b e  
g o v e r n e d  b y
. i )  t h e  d i s t a n c e  s e p a r a t i n g  t h e  i n t e r a c t i o n  s i t e s ;  
i i )  t h e  s t r e n g t h  o f  t h e  b o n d  f o rm e d .
W ith  t h e s e  c r i t e r i a ,  l e t  u s  now t r y  t o  c r u d e l y  o r d e r  o r  e s t i m a t e  t h e
s i z e  o f  t h e  s p l i t  c a u s e d  by  t h e  p o s s i b l e  d i f f e r e n t  t y p e s  o f  b o n d s  i n
t h e  c o o r d i n a t e d  s p e c i e s .  Bonds t h a t  m ig h t  e x i s t  i n  s o l u t i o n  a r e
i )  h y d r o g e n  b o n d s
i i )  i o n i c  b o n d s
i i i )  c o v a l e n t  b o n d s .
G e n e r a l l y ,  h y d r o g e n  b o n d s  a r e  r a t h e r  l o n g  and  w e a k .  H e n c e ,  o n e  w o u ld  
n o t  e x p e c t  a s  much p e r t u r b a t i o n ,  a s  c o n t r a s t e d  w i t h  t h a t  f ro m  t h e  
s t r o n g  i o n i c  a n d / o r  c o v a l e n t  b o n d .




A l o g i c a l  e x t e n s i o n  o f  t h i s  t r e n d  w o u ld  b e  t o  c o n s i d e r  t h e  
a l i g n m e n t  o f  a  c a t i o n  w i t h  an  i n t e r a c t i n g  s o l v e n t  m o l e c u l e .  The s m a l l e r  
t h e  c a t i o n  a n d  t h e  l a r g e r  i t s  c h a r g e ,  t h e  s h o r t e r  w i l l  b e  t h e  c o o r d i n a t e -  
c o v a l e n t  b o n d  t o  t h e  s o l v e n t ,  m o l e c u l e .  The s h o r t e r  t h e  b o n d  t h e  g r e a t e r  
t h e  a b i l i t y  t o  a t t r a c t  c h a r g e  m a k in g  t h e  o p p o s i t e  end  o f  t h e  c o o r d i n a t e d  
s o l v e n t  m o re  p o s i t i v e  and  m o re  e f f i c i e n t  a t  s p l i t t i n g  t h e  d e g e n e r a c y . 33  
The p e r t u r b i n g  a g e n t  i s  n o t  e x c l u s i v e l y  s e l e c t i v e  i n  i t s  i n t e r a c t i o n .
I t  a f f e c t s  t h e  p i t ' s  a s  w e l l  a s  t h e  p a ' s ,  b u t  t o  a  l e s s e r  d e g r e e .  H e n c e ,  
o n e  w o u ld  a l s o  e x p e c t  t h e  Tf o r b i t a l s  t o  b e  s h i f t e d  downward i n  e n e r g y  
w i t h  a  c o n s e q u e n t  e f f e c t  on  Tf-?TT* t r a n s i t i o n s . 3 4
V I I .  COMPARISON OF CALCULATION WITH EXPERIMENT FOR SOLUTION SPECIES
I n  o r d e r  t o  s tu d y  t h e  e f f e c t s  o f  a s s o c i a t e d  s o l v e n t  m o l e c u l e s  
a n d  c a t i o n s ,  c a l c u l a t i o n s  w e re  p e r f o r m e d  o n  t h e  m o d e l s s h o w n  i n  
F i g u r e  55* T h e s e  e n com pass  a  s e q u e n c e  e x t e n d i n g  f ro m  t h e  i s o l a t e d  i o n  
t o  t h a t  o f  t h e  i o n  c o o r d i n a t e d  w i t h  s o l v e n t  a n d / o r  c a t i o n .  The r e s u l t s  
o f  t h e s e  c a l c u l a t i o n s  c a n  b e  s e e n  by r e f e r r i n g  t o  t h e  a p p r o p r i a t e l y  
l a b e l l e d  e n e r g y  l e v e l  d ia g r a m .
F o r  t h e  i s o l a t e d  i o n ,  t h e r e  a r e  2b  v a l e n c e  e l e c t r o n s  and  13
MO's o f  n e g a t i v e  e n e r g y .  The u n o c c u p ie d  o r b i t a l  i s  a  TT* o r b i t a l  and
h e n c e  o n l y  two s e r i e s  o f  t r a n s i t i o n s  a r e  p o s s i b l e ;  n-*>TTx' and  TTW*. I n ­
t ­r o d u c i n g  a Na io n  a t  a  b o n d in g  d i s t a n c e  f ro m  t h e  N03 p r o d u c e s  two
u n o c c u p i e d  o r b i t a l s  o f  n e g a t i v e  e n e r g y ,  o n e  a s s o c i a t e d  m a i n ly  w i t h  t h e
a n i o n  (TTX) and  t h e  s e c o n d  w i t h  t h e  c a t i o n  (crx') °  The o r d e r  o f  e n e r g i e s
f o r  t h e s e  tw o l e v e l s  i s  u n c e r t a i n  b e c a u s e  t h e i r  r e l a t i v e  p o s i t i o n s  a r e
s e n s i t i v e  t o  c e r t a i n  p a r a m e t e r s  o f  t h e  c a l c u l a t i o n .
The o* o r b i t a l  h a s  a  v a r i a b l e  c o m p o s i t i o n  d e p e n d in g  on  t h e  
c o n s t i t u t i o n  o f  t h e  a s s o c i a t e d  s p e c i e s .  F o r  t h e  m e t a l  n i t r a t e s ,  t h e  
O* MO i s  l o c a t e d  m a i n l y  on t h e  s o r b i t a l  o f  t h e  m e t a l ,  and  t h e  p^  
o r b i t a l  o f  t h e  o x y g en  a tom  c o o r d i n a t e d  w i t h  t h e  m e t a l  a to m . P l a c i n g  a 
w a t e r  m o l e c u l e  b e tw e e n  t h e  m e t a l  i o n  an d  t h e  a n i o n  g i v e s  a  0*  o r b i t a l  
c o n c e n t r a t e d  m a i n l y  on t h e  s a n d  p ^  o r b i t a l s  o f  t h e  o x y g e n s  h y d r o g e n  
b o n d e d  t o  t h e  w a t e r  m o l e c u l e ,  a n d  on t h e  h y d r o g e n s  o f  t h e  w a t e r  m o le ­
c u l e .  H y d ro g e n  b o n d i n g  a  w a t e r  m o l e c u l e  t o  t h e  n i t r a t e  e n t i t y  d o e s  n o t  
i n t r o d u c e  a  o* l e v e l  i n  t h e  a p p r o p r i a t e  e n e r g y  r a n g e  f o r  i t  t o  b e  a c -  
c e s s i b l e  t o  o r d i n a r y  UV l i g h t .  C o o r d i n a t i n g  a  Na i o n  t o  t h e  o x y g e n  o f  
t h e  w a t e r  m o l e c u l e  o f  t h e  h y d r o g e n  b onded  n i t r a t e  a g a i n  i n t r o d u c e s  a  crx
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FIGURE 5 5 . C o m p u t a t i o n a l  m o d e l s  u s e d  t o  p r e d i c t  t h e  e f f e c t s  o f  c o o r d i ­
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l e v e l  w h ic h  i s  f a i r l y  c l o s e  t o  t h e  Tf* a s s o c i a t e d  w i t h  t h e  n i t r a t e .  I n  
g e n e r a l ,  t h e r e  s h o u l d  b e  two o r  m o re  l o n g  w a v e l e n g t h  t r a n s i t i o n s  o f  
c o m p a r a b l e  e n e r g y .  One s h o u l d  b e  t o  t h e  IT* MO, an d  t h e  o t h e r  t o  t h e  
0*  MO.
F i g u r e  59 shows a  c o m p o s i t e  s p e c t r u m  o f  a q u e o u s  n i t r a t e :  t h e
5000  A0  p e a k  i s  t a k e n  f ro m  M e y e r s t e i n  and  T r e n i n , 1 5  and t h e  2000 A° 
p e a k  i s  t a k e n  f ro m  T andon  and M o o k h e r j e e . 3 8  O th e r  i t e m s  i n c l u d e d  i n  
t h i s  f i g u r e  a r e  t h e  m o d e l s  s t u d i e d ,  a  few  o f  w h ic h  may p o s s i b l y  b e  p r e ­
s e n t  i n  a  w a t e r  s o l u t i o n ,  some o f  t h e  p o s s i b l e  t r a n s i t i o n s ,  t h e i r  w a v e ­
l e n g t h s  and i n  b r a c k e t s  t h e i r  o s c i l l a t o r  s t r e n g t h s .
T a k in g  a s  o u r  s t a n d a r d ,  t h e  h y d r a t e d  n i t r a t e  i o n ,  o n e  p r e ­
d i c t s  a  b l u e  s h i f t  on a s s o c i a t i o n  w i t h  a  c a t i o n .  T h i s  i s  i n  a c c o r d a n c e  
w i t h  t h e  f a c t  t h a t  t h e  s p e c t r u m  i s  s h i f t e d  t o  s h o r t e r  w a v e l e n g t h s  w i t h  
i n c r e a s i n g  c o n c e n t r a t i o n . 3 3  A n o t h e r  f a c t  i s  t h a t  t h e  c r y s t a l  s p e c t r u m  
i s  b l u e  s h i f t e d  w i t h  r e s p e c t  t o  s o l u t i o n . 18  C o m p arin g  t h e  w a v e l e n g t h s  
f o r  o u r  s t a n d a r d  and  NaN03  c o n f i r m s  t h i s .  H o w e v er ,  t h e r e  a p p e a r s  t o  
b e  some p r e d i c t i o n s  i n  t h e  f i g u r e  t h a t  a r e  n o t  c o m p a t i b l e  w i t h  f a c t ;  
n a m e ly  t h e  p r e d i c t i o n  o f  a l l o w e d  t r a n s i t i o n s  i n  t h e  v i s i b l e  and  e v e n  
i n  t h e  i n f r a r e d  r e g i o n s .  T h e s e  d i f f i c u l t i e s  c a n  b e  r a t i o n a l i z e d ,  
e s p e c i a l l y  f o r  NaN03  a n d  H2 0*NaN03  by  a p p e a l i n g  t o  t h e  f a c t  t h a t  t h e  
a*  l e v e l  d e p e n d s  on t h e  p r e s e n c e  o f  t h e  s o d iu m .  F o r  i n s t a n c e ,  i n  NaN03 , 
c o n s i d e r i n g  t h e  Na i o n  a n  i n f i n i t e  d i s t a n c e  away r e s u l t s  i n  t h e  i s o -
-f
l a t i o n  o f  t h e  Na 5 s l e v e l  a t  a n  e n e r g y  o f  - 1 1  e v .  On a p p r o a c h  w i t h i n  
b o n d i n g  d i s t a n c e  o f  t h e  n i t r a t e  i o n  t h e  5 s  o r b i t a l  becom es a  l a r g e  
c o n t r i b u t o r  t o  t h e  o* l e v e l  o f  NaN03 , w h ic h  h a s  an  e n e r g y  o f  a p p r o x i ­
m a t e l y  - 9  e v .  The e n e r g y  v a l u e  o f  t h e  a* MO d e p e n d s  on how much c h a r g e
q-
i s  g i v e n  b a c k  t o  t h e  Na 5 s l e v e l  by  t h e  n i t r a t e  i o n .  T h u s ,  t h e  e n e r g y
FIGURE 3 9 . A c o m p o s i t e  s p e c t r u m  o f  a q u e o u s  n i t r a t e  t a k e n  f ro m  l i t e r a ­
t u r e  s o u r c e s .
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FIGURE I40 . I l l u s t r a t i n g  t h e  e f f e c t s  o f  s e p a r a t i o n  on t h e  e n e r g y  l e v e l s  
o f  NaN03
( a )  i n f i n i t e  s e p a r a t i o n











o f  t h i s  cr* l e v e l  d e p e n d s  h e a v i l y  on  t h e  Na"*" 3 s l e v e l  an d  c o u l d  b e  
b r a c k e t e d  o v e r  a  r a n g e  o f  s e v e r a l  e v ' s .  I n  NaN03 , w i t h  a n  e x p e r i m e n t a l l y  
r e p o r t e d  N a -0  b a n d  d i s t a n c e  o f  2 . 5  A0 , t h e  cr* l e v e l  l i e s  w i t h i n  a few  
t e n t h s  o f  an  e v  o f  t h e  Tf* l e v e l .  T h e s e  a r e  s e p a r a t e d  f ro m  t h e  b o d y  o f  
t h e  f i l l e d  MO's by  a b o u t  2 . 6  e v ,  w h ic h  w o u ld  c o r r e s p o n d  t o  a  w ave­
l e n g t h  o f  a p p r o x i m a t e l y  ^800  A0  f o r  t h e  l o w e s t  e n e r g y  e l e c t r o n i c  t r a n ­
s i t i o n .  S i n c e  NaN03  i s  n o t  c o l o r e d  and  t h e  a b s o r p t i o n  s p e c t r u m  o f  c o n ­
c e n t r a t e d  a q u e o u s  s o l u t i o n s  f ro m  2 0 ,0 0 0  A0  down t o  7000 A° show s no  
f e a t u r e  t h a t  c o u l d  b e  an  e l e c t r o n i c  t r a n s i t i o n ,  o n e  m u s t  a ssum e  t h a t  
t h e  e n e r g y  gap  i s  i n  t h e  u l t r a v i o l e t  r a n g e .  A n o th e r  a rg u m e n t  f o r  p l a c i n g  
t h e s e  n - o *  t r a n s i t i o n s  i n  t h e  UV i s  t h a t  t h e r e  a p p e a r  t o  b e  tw o t y p e s  
o f  n - o *  t r a n s i t i o n s ,  one  w e a k ly  a l l o w e d ,  and  t h e  o t h e r  a l l o w e d ,  s e p a r a t e d  
by  s e v e r a l  t h o u s a n d  A0 . T h i s  i s  i n  a c c o r d  w i t h  t h e  f e a t u r e s  o f  t h e  
n i t r a t e  s p e c t r u m  w h ic h  h a s  a  weak and  a  s t r o n g  p e a k  s e p a r a t e d  by c a  
1000 A ° . S i n c e  t h e  lo n g  w a v e l e n g t h  n - o *  i s  w e a k ly  a l l o w e d ,  I  w ou ld  
p l a c e  i t  i n  t h e  v i c i n i t y  o f  t h e  3000  A° p e a k  w h i l e  l o c a t i n g  t h e  h i g h l y  
a l l o w e d  n-*o* i n  t h e  v i c i n i t y  o f  t h e  2000 A° b a n d .
T h u s ,  f ro m  a  s t u d y  o f  p o s s i b l e  m o d e l s ,  I  h a v e  a r r i v e d  a t  t h e  
c o n c l u s i o n  t h a t  t h e  >̂000 A° ban d  c o n t a i n s  a t  l e a s t  an  n-*[T* and  n~ o*  
(w e a k ly  a l l o w e d )  t r a n s i t i o n s  and  t h a t  t h e  2000 A0 p e a k  c o n t a i n s  a TT’-*1T* 
and n - o *  ( a l l o w e d )  t r a n s i t i o n s .  S u p p o r t  f o r  t h i s  i n t e r p r e t a t i o n  c a n  b e  
g a t h e r e d  by  r e f e r e n c e  t o  t h e  c o m p o s i t e  s p e c t r u m .  The 3000  A° f e a t u r e  
shows a s h o u l d e r  w h ic h  i s  i n d i c a t i v e  o f  a t  l e a s t  tw o t r a n s i t i o n s ,  w h i l e  
on o n e  s i d e  o f  t h e  2000 A° p e a k ,  t h e r e  a p p e a r s  t o  b e  v i b r a t i o n a l  s t r u c ­
t u r e  w h e r e a s  on t h e  o t h e r  s i d e  t h e r e  i s  n o n e .  I f  t h i s  p e a k  w e re  one  
t r a n s i t i o n ,  b o t h  s i d e s  o f  t h e  p e a k  s h o u ld  h a v e  s t r u c t u r e  and  i t  s h o u ld  
b e  s y m m e t r i c .  From e x p e r i m e n t a l  s p e c t r a  o b t a i n e d  f o r  n i t r a t e  ( p a g e  8 9 )
1?0
i t  i s  d i f f i c u l t  t o  j u d g e  w h e t h e r  o r  n o t  t h e  >̂000 A0 p e a k  h a s  a  s h o u l d e r ,  
b u t  i t  d o e s  a p p e a r  t o  b e  u n s y m m e t r i c a l . H o w e v er ,  t h e  2000 A° p e a k  
( p a g e  8 7 ) ,  w h i l e  we h a v e  n o t  c o n f i r m e d  t h e  p r o n o u n c e d  v i b r a t i o n a l  f e a ­
t u r e s  a s  r e p o r t e d  by  o t h e r  a u t h o r s , 3 8  d o e s  h a v e  a  n o t i c e a b l e  bumb on
t h e  h i g h  e n e r g y  s i d e  and  e x h i b i t s  a  d e f i n i t e  a s y m m e try .
F i n a l l y  i t  i s  s e e n  t h a t  i n v o k i n g  t h e  e f f e c t s  o f  s o l v e n t  and
c a t i o n  h e l p  t o  p r o d u c e  a  m ore  r e a s o n a b l e  e x p l a n a t i o n ' o f  n i t r a t e  s p e c t r a .  
P e r h a p s  t h i s  s o r t  o f  r e a s o n i n g  m ig h t  b e  a p p l i e d  t o  a q u e o u s  n i t r i t e s .  
C o n t r a r i l y ,  t h e  p r e s e n c e  o f  a n  n~>o* t r a n s i t i o n  i n  g a s e o u s  m o l e c u l a r  
s u l f u r  t r i o x i d e  c a n n o t  b e  e x p l a i n e d  by  t h e s e  s t r a t a g e m s .  T h e r e  a r e  n o t  
an y  s o l v e n t  m o l e c u l e s  o r  c a t i o n s  w i t h  w h ic h  t o  a s s o c i a t e  t h e  p r e s e n c e  
o f  a  o* l e v e l .  I n  t h i s  i n s t a n c e  p o s s i b l y ,  o n e  m u s t  r e c o g n i z e  t h e  p r e ­
s e n c e  o f  a c c e s s i b l e  J s  and  3 d o r b i t a l s  on s u l f u r .
I n  c o n c l u s i o n ,  t h e  p o i n t  m u s t  b e  m ade t h a t  t h e  i n t e r p r e t a t i o n  
o f  s p e c t r a  s h o u l d  b e  a  c o m b i n a t i o n  o f  t h e o r y ,  h i g h  q u a l i t y  e x p e r i m e n t a l  
d a t a ,  and a  r e a s o n a b l e  m o d e l  t h a t  I n c o r p o r a t e s  f a c t o r s  t h a t  may i n  some 
m an n e r  i n f l u e n c e  t h e  s p e c t r a .
V I I I .  FUTURE DEVELOPMENTS
The p r e s e n t  s t u d y  h a s  r e v e a l e d  a  n u m b er  o f  i n a d e q u a c i e s  i n  
t h e  s p e c t r o s c o p y  o f  s m a l l  m o l e c u l e s / i o n s . The  b a s i s  o f  s p e c t r o s c o p y  i s  
a  w e l l  c h a r a c t e r i z e d  and  d e f i n e d  s p e c t r u m .  H o w e v e r ,  f o r  c e r t a i n  o f  t h e  
s m a l l  m o l e c u l e s / i o n s . s p e c t r a  a r e  n o t  r e l i a b l e ,  a n d  i n  many c a s e s  s p e c t r a  
a r e  n o t  a v a i l a b l e  a t  a l l .  Aqueous  s o l u t i o n  s p e c t r a  o f  n i t r a t e s  t y p i f y  
t h e  f i r s t  c o n t i n g e n c y .  Some a u t h o r s  show s y m m e t r i c a l  p e a k s 1 4  a t  3 0 0 0  an<3 
2000  A° w h i l e  o t h e r s  show t h e s e  f e a t u r e s  p o s s e s s i n g  p r o n o u n c e d  unsym ­
m e t r i c a l  s t r u c t u r e s . 3 8  A n o t h e r  p o i n t  o f  d i s p u t e  c o n c e r n s  t h e  p h o t o ­
d i s s o c i a t i o n  o f  t h e  n i t r a t e  i o n .  One r e p o r t  a f f i r m s  t h i s  f a c t 1 6  w h i l e  
t h e  n e x t  a r t i c l e  d e n i e s  i t . 3 8  I l l u s t r a t i v e  o f  t h e  s e c o n d  p o i n t  i s  t h e  
f a c t  t h a t  t h e  e l e c t r o n i c  s p e c t r a  o f  BF3  an d  S03 s h o u l d  b e  s i m i l a r  t o  
t h a t  o f  t h e  n i t r a t e  i o n .  Y e t  t h e r e  i s  no r e p o r t e d  UV s p e c t r u m  f o r  BF3  
an d  o n l y  o n e  u n s a t i s f a c t o r y  l i s t i n g  f o r  S03 . The  r e a s o n  h e r e  i s  t h a t  
t h e  m a j o r  f e a t u r e s  o f  t h e  s p e c t r a  p r o b a b l y  l i e  b e l o w  2000 A° and  a r e  
n o t  a c c e s s i b l e  t o  m o s t  c o n v e n t i o n a l  i n s t r u m e n t a t i o n .  As a d d e d  commen­
t a r y  on t h e  f a c t  t h a t  BF3  w o u l d  b e  e x p e c t e d  t o  h a v e  a n  e l e c t r o n i c  
s p e c t r u m  r e s e m b l i n g  t h a t  o f  t h e  n i t r a t e  i o n ,  o n e  m u s t  r e m e m b e r ,  a s  
shown i n  a n  e a r l i e r  s e c t i o n ,  t h a t  s o l v e n t  and  c a t i o n  e f f e c t s  nnoist b e  
t a k e n  i n t o  a c c o u n t  f o r  a q u e o u s  n i t r a t e s .  F o r  g a s e o u s  BF3  i t  i s  e x ­
p e c t e d  t h a t  s u c h  p e r t u r b a t i o n s  n e e d  n o t  b e  c o n s i d e r e d .
From  t h e  f o r e g o i n g ,  i t  i s  p o s s i b l e  t o  a s s e r t  t h a t  one  f u t u r e  
d e v e l o p m e n t  n e e d e d  i s  t o  o b t a i n  w e l l  d e f i n e d  s p e c t r a  w i t h  a s  many 
f e a t u r e s  r e s o l v e d  a s  p o s s i b l e .  N e c e s s a r y  t o  t h i s  e n d e a v o r  wou ld  b e  an  
e x a c t  k n o w l e d g e  o f  t h a t  s p e c i e s  b e i n g  s t u d i e d .  F o r  g a s e s ,  t h i s  i s  n o  
p rob le m : ,  b u t  i n  v i e w  o f  t h e  c o m p l e x i t y  o f  s o l u t i o n  p h e n o m e n a ,  i t  may
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n o t  b e  a n  e a s y  t a s k  t o  i d e n t i f y  and  c o n t r o l  t h e  p o s s i b l e  s p e c i e s  p r e ­
s e n t  i n  t h i s  i n s t a n c e .
A n o t h e r  p o s s i b i l i t y  s u g g e s t e d  f r o m  t h e  d e r i v a t i o n  o f  t h e  
W a lsh  d i a g r a m s  i s  t h a t  o f  a  s t u d y  o f  t h e  v a r i a t i o n  o f  e l e c t r o n i c  t r a n ­
s i t i o n  e n e r g i e s  w i t h  b o n d  a n g l e .  A p o s s i b l e  s e r i e s  t h a t  o n e  m i g h t  u s e  
t o  s t u d y  t h i s  phenom ena  w o u ld  b e  compounds t h a t  h a v e  some s t r u c t u r a l  
f e a t u r e  w h i c h  c a u s e s  t h e m  t o  p o s s e s s  bond  a n g l e s  o t h e r  t h a n  t h e  e x p e c t e d  
o n e s  f o r  a  g i v e n  num ber  o f  e l e c t r o n s .  F o r  e x a m p l e ,  one  m i g h t  s t u d y  t h e  
v a r i a t i o n  o f  t h e  e l e c t r o n i c  t r a n s i t i o n  e n e r g y  a s  a  f u n c t i o n  o f  bond 
a n g l e  f o r  2 6  e l e c t r o n  t y p e s  by  c o n s i d e r i n g  t h e  e x p e r i m e n t a l  d a t a
f o r  a  s e r i e s  o f  compounds s u c h  a s  c y c l i c  e s t e r s  o f  c a r b o n i c  a c i d  o f  
t h e  g e n e r a l  f o r m  shown i n  F i g u r e  2 | l ( a ) ,  w h e r e  p r e s u m a b l y  n  = 2 , 3 j 4 ,  
e t c .  A n o t h e r  t y p e  compound w h e r e  t h i s  m i g h t  b e  p o s s i b l e  w o u ld  b e  two 
s i m i l a r  g r o u p i n g s  j o i n e d  t o g e t h e r  s u c h  t h a t  t h e  d i h e d r a l  a n g l e  b e t w e e n  
t h e s e  g r o u p s  v a r i e s .  An e x a m p l e  o f  t h i s  m i g h t  b e  t h e  c y c l i c  e s t e r s  o f  
o x a l i c  a c i d  o f  t h e  g e n e r a l  f o r m  shown i n  F i g u r e  4 1 ( b ) ,  w h e r e  v a r i a t i o n  
i n  t h e  a l k y l  c h a i n  l e n g t h  c a u s e s  a  v a r i a t i o n  i n  t h e  d i h e d r a l  a n g l e  b e t -  
w e e k  t h e  c a r b o n y l  g r o u p s .
O t h e r  a r e a s  o f  p o t e n t i a l  i n t e r e s t  a r e  t h e  p o s s i b i l i t y  o f  low 
e n e r g y  " c h a r g e  t r a n s f e r "  t r a n s i t i o n s  ( d i s c u s s e d  i n  a  p r i o r  s e c t i o n )  a nd  
a l s o  why some o f  t h e  s i m p l e  m o l e c u l e s / i o n s  h a v e  a  l u m i n e s c e n t  s p e c t r u m  
w h e r e a s  o t h e r s  do n o t ,  o r  o n l y  v e r y  w e a k l y .
FIGURE I f l , I l l u s t r a t i n g  a g e n e r a l  form  o f  a
( a )  c y c l i c  c a r b o n a t e





The s e r i e s  o f  c o m p u t a t i o n s  w e r e  p e r f o r m e d  t h r o u g h  t h e  a e g i s  
o f  f o u r  p r o g r a m s ,  t h e s e  b e i n g  c a l l e d  SLAT2, ANDY, CHOPPY and  NUALA.
The f i r s t  two w e r e  t h e  m a i n  p r o g r a m s  u s e d .  B o th  a r e  i t e r a ­
t i v e  i n  n a t u r e ;  SLAT2 m u s t  c a l c u l a t e  t h e  o v e r l a p  a f t e r  e a c h  p a s s ,  w h i l e  
t h e  o v e r l a p  f o r  ANDY i s  g e n e r a t e d  e x t e r n a l l y  and f e d  i n  a l o n g  w i t h  
o t h e r  i n p u t  d a t a .  The  l a t t e r  two p r o g r a m s  a r e  u s e d  t o  g e n e r a t e  t h e  
r e q u i s i t e  o v e r l a p  f o r  ANDY.
The  p r o g r a m s  a r e  a v a i l a b l e  f rom  D r .  S .  P .  McGlynn ,  D e p a r t m e n t  
o f  C h e m i s t r y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  B a t o n  R ouge ,  L o u i s i a n a  70805*
The f o l l o w i n g  i s  a  l i s t i n g  o f  t h e  i n p u t  i n f o r m a t i o n  r e q u i r e d ,  t h e  f o r m a t s ,  
a n d  a s a m p l e  i n p u t  d e c k .
SLAT2 o r  ANDY
Use  o f  t h i s  p r o g r a m  w i l l  b e  i l l u s t r a t e d  w i t h  t h e  e x a m p l e  o f  
t h e  n i t r a t e  i o n .
From t h e  known bond  l e n g t h s  and  bond  a n g l e s ,  one  c a n  d e d u c e  
t h e  c o o r d i n a t e s  o f  t h e  d i f f e r e n t  a t o m s .  T h i s  i n f o r m a t i o n  a l o n g  w i t h  
t h e  a to m  n u m b e r ,  t h e  a t o m i c  n u m b e r ,  t h e  p r i n c i p a l  q u a n tum  n u m b e r ,  t h e  
a z i m u t h a l  quan tum  n u m b e r ,  an d  t h e  o r b i t a l  d i r e c t i o n ,  c o n s t i t u t e  t h e  
n e e d e d  i n p u t .
The  s u c c e e d i n g  p a g e s  i l l u s t r a t e  t h e  p r e c e d i n g  q u a l i f i c a t i o n s  
i n  g e n e r a l  and  i n  s p e c i f i c .
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T h is  i s  a  n o n - i t e r a t i v e  program u se d  t o  c a l c u l a t e  t h e  o v e r la p  
f o r  t h e  ANDY program.
The f o l l o w i n g  g i v e s  a g e n e r a l  o u t l i n e  o f  t h e  c a r d s  n e e d e d .
The s p e c i f i c  exam ple  c i t e d  i s  f o r  t h e  n i t r a t e  i o n  shown i n  F ig u r e  k£.
FIGURE 1\ 2 . I l l u s t r a t i n g  th e  n i t r a t e  io n  w i t h  t h e  a s s o c i a t e d  c o o r d i n a t e  
and num bering s y s te m .
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NUALA
T h is  program i s  u se d  t o  compute an o r b i t a l  e x p o n e n t  f o r  a 
S l a t e r  t y p e  o r b i t a l  so  t h a t  i t s  o v e r la p  a p p r o x im a te s  t h a t  f o r  an SCI1' 
f u n c t i o n .  In  t h e  exam p le  g i v e n ,  b o th  th e  c e n t e r s  A and B a r e  boron  
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APPENDIX I I  
(COMPUTATIONAL DIFFICULTIES)
I n  t h e  g e n e r a t i o n  o f  d a t a  f o r  c e r t a i n  c o n f i g u r a t i o n s  f o r  t h e  
n o n - p l a n a r  n i t r a t e s ,  d i f f i c u l t y  i n  a t t a i n i n g  c h a r g e - s e l f  c o n s i s t e n c y  
o c c u r r e d ;  jL.,e. , t h e  c a l c u l a t i o n  d i v e r g e d  i n s t e a d  o f  c o n v e r g e d .  T h i s  
d i f f i c u l t y  came t o  t h e  f o r e  when t h e  bond a n g l e  was e q u a l  t o  100° o r  
l e s s .  R e f e r e n c e  t o  t h e  W a ls h  d i a g r a m  shows t h a t ,  a t  a p p r o x i m a t e l y  
100°, t h e r e  i s  an a c c i d e n t a l  d e g e n e r a c y  c a u s e d  by t h e  c r o s s i n g  o f  t h e  
u p p e r m o s t  u n f i l l e d  o r b i t a l  w i t h  a l o w e r  f i l l e d  o r b i t a l  r e s u l t i n g  i n  an  
e x t r e m e  f l u c t u a t i o n  o f  t h e  p o p u l a t i o n s  c a u s i n g  t h e  c a l c u l a t i o n  t o  d i=  
v e r g e  i n  t h i s  v i c i n i t y .  T h i s  d i f f i c u l t y  was ove rcom e  by  m a k i n g  an 
e d u c a t e d  g u e s s  a t  t h e  o r b i t a l  p o p u l a t i o n  a p p r o p r i a t e  f o r  a bond  a n g l e  
o f  l e s s  t h a n  1 0 0 ° .  The g u e s s i n g  was  done  by  e x t r a p o l a t i n g  f r o m  known 
s o l v e d  s i t u a t i o n s .  From a  p l o t  o f  t h e  v a r i o u s  o r b i t a l  c h a r g e s  v e r s u s  
bond a n g l e  ( f o r  a n g l e s  >100°) one  c o u l d  e s t i m a t e  t h e  o r b i t a l  c h a r g e s  
l i k e l y  f o r  bond a n g l e s  l e s s  t h a n  1 0 0 ° .  U s i n g  s u c h  a  c u r v e  f o r  t h e  bond 
a n g l e s  f r o m  120° down t o  102°, e n a b l e d  p r e d i c t i o n s  t o  b e  made f o r  100°. 
Once t h e  num bers  f o r  100° w e r e  o b t a i n e d  t h e y  c o u l d  b e  u s e d  t o  g u e s s  
f o r  9 8 ° •  C o n t i n u i n g  t h i s  p r o c e s s  i t  was p o s s i b l e  t o  o b t a i n  t h e  r e s t  
o f  t h e  d i a g r a m  b e t w e e n  90 and 100°.
A n o t h e r  d i f f i c u l t y  was t h e  a p p a r e n t  s e n s i t i v i t y  o f  t h e  c a l - : 
c u l a t i o n  t o  s m a l l  v a r i a t i o n s  i n  t h e  o v e r l a p  m a t r i x  f o r  n o n - p l a n a r  
m o d e l s .  The p r o b l e m  h e r e  w as  how a c c u r a t e l y  o n e  m u s t  s p e c i f y  t h e  c o o r ­
d i n a t e s .  F o r  t h e  p l a n a r  m o l e c u l e s ,  t h e  s p e c i f i c a t i o n  o f  t h e  c o o r d i n a t e s  
so  t h a t  t h e  bond l e n g t h s  m a t c h e d  t o  t h e  t h i r d  d e c i m a l  p l a c e  was s u f ­
f i c i e n t  t o  o b t a i n  c o n v e r g e n c e .  F o r  t h e  n o n - p l a n a r  s p e c i e s  c o n s i d e r e d ,
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FIGURE I13. A m ode l  i l l u s t r a t i n g  t h e  c o o r d i n a t e s  f o r  a  p y r a m i d a l  
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t h e  i n d i v i d u a l  c o o r d i n a t e s  ha d  t o  be  s u c h  t h a t  t h e  bond l e n g t h s  com­
p u t e d  f rom  them  m a t c h e d  t o  t h e  s i x t h  d e c i m a l  p l a c e .  T h i s  was d o n e  by 
s p e c i f y i n g  t h e  f o r m a t  s t a t e m e n t s ,  i n  SLAT2 and  CHOPPY, f o r  t h e  c o o r d i n a t e s  
s o  t h a t  enough  d e c i m a l  p l a c e s  c o u l d  b e  i n c l u d e d  t o  make bond  l e n g t h  R;l 
e q u a l  t o  R2 .
Rl = / ( 3  _ 5a )e  (x „ x j 2 + (y - y a ) 2 ( I )
R2  = / ( z  -  z 2 ) 2  +  ( x  +  x 2 ) 2  +  (y  -  y 2 ) 2  ( 2 )
The i n d i v i d u a l  c o o r d i n a t e s  a r e  i n i t i a l l y  e s t i m a t e d  f rom  c e r t a i n  s t a n ­
d a r d  f o r m u l a e  f o r  p y r a m i d s  and  t h e n  a r e  a d j u s t e d  so  t h a t  a l l  t h e  bond 
l e n g t h s  a r e  e q u a l .  U n d e r  t h i s  c o n d i t i o n  a l l  t h e  o v e r l a p s  a r e  t h e  same 
an d  t h e  p r o g r a m  goes  t o  c o n v e r g e n c e .
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